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(54) NITRIDE SEMICONDUCTOR ELEMENT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To realize long-time continuous oscillation by 
decreasing threshold current and voltage of an LD element comprising a nitride 
semiconductor. 

SOLUTION: A nitride semiconductor element is constituted by forming an active 
layer between a nitride semiconductor layer on an n-conductive side and that on a 
p-conductive side. Related to the nitride semiconductor layer on the n-conductive 
side and/or p-conductive side, an n-side strained superiattice layer is constituted 
at the position away from or contacting the active layer by laminating first and 
second nitride semiconductor layers whose band gap energy and impurity 
concentration are different from each other. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A barrier layer is the nitride semiconductor device which it comes to form between the nitride semi-conductor layer by the 
side of n electric conduction, and the nitride semi-conductor layer by the side of p electric conduction, and sets in the nitride semi- 
conductor layer by the side of said n electric conduction. The nitride semiconductor device characterized by having the n side distortion 
super-latticed layer to which it comes to carry out the laminating of the 1st and the 2nd nitride semi-conductor layer from which 
bandgap energy differs mutually in said barrier layer, the distant location, or the location that touched, and n mold high impurity 
concentration differs mutually. 

[Claim 2] A barrier layer is the nitride semiconductor device which it comes to form between the nitride semi-conductor layer by the 
side of n electric conduction, and the nitride semi-conductor layer by the side of p electric conduction, and sets in the nitride semi- 
conductor layer by the side of said p electric conduction. The nitride semiconductor device characterized by having the p side distortion 
super-latticed layer to which it comes to carry out the laminating of the 3rd and the 4th nitride semi-conductor layer from which 
bandgap energy differs mutually in said barrier layer, the distant location, or the location that touched, and p moid high impurity 
concentration differs mutually. 

[Claim 3] A barrier layer is the nitride semiconductor device which it comes to form between the nitride semi-conductor layer by the 
side of n electric conduction, and the nitride semi-conductor layer by the side of p electric conduction, and sets in the nitride semi- 
conductor layer by the side of said n electric conduction. It has the n side distortion super-latticed layer to which it comes to carry out 
the laminating of the 1st and the 2nd nitride semi-conductor layer from which bandgap energy differs mutually in said barrier layer, the 
distant location, or the location that touched, and n mold high impurity concentration differs mutually. The location left with said barrier 
layer in the nitride semi-conductor layer by the side of said p electric conduction, Or the nitride semiconductor device characterized by 
having the p side distortion super-latticed layer to which it comes to carry out the laminating of the 3rd and the 4th nitride semi- 
conductor layer from which bandgap energy differs mutually in the location which touched, and p mold high impurity concentration 
differs mutually. 

[Claim 4] It is the nitride semiconductor device according to claim 1 or 3 which has bandgap energy with said 1st larger nitride semi- 
conductor layer than said 2nd nitride semi-conductor layer, and larger n mold high impurity concentration than said 2nd nitride semi- 
conductor layer in said n side distortion super-latticed layer. 

[Claim 5] The nitride semiconductor device according to claim 4 which made small n mold high impurity concentration of the part close 
to said 2nd nitride semi-conductor layer in said 1st nitride semi-conductor layer as compared with the part which is separated from said 
2nd nitride semi-conductor layer. 

[Claim 6] The nitride semiconductor device according to claim 4 or 5 whose n mold high impurity concentration of the 2nd nitride semi- 
conductor layer n mold high impurity concentration of said 1st nitride semi-conductor layer is in the range of three to 1x1020/cm3 of 
1x10l7-/cm, and is three or less 1x1019-/cm. 

[Claim 7] It is the nitride semiconductor device according to claim 1 or 3 which has bandgap energy with said 1st larger nitride semi- 
conductor layer than said 2nd nitride semi-conductor layer, and n mold high impurity concentration smaller than said 2nd nitride semi- 
conductor layer in said n side distortion super-latticed layer. 

[Claim 8] The nitride semiconductor device according to claim 7 which made small n mold high impurity concentration of the part close 
to said 1st nitride semi-conductor layer in said 2nd nitride semi-conductor layer as compared with the part which is separated from said 
1st nitride semi-conductor layer. 

[Claim 9] The nitride semiconductor device according to claim 7 or 8 whose n mold high impurity concentration of said 2nd nitride semi- 
conductor layer n mold high impurity concentration of said 1st nitride semi-conductor layer is three or less 1x1019— /cm, and is the 
range of three to 1x1020/cm3 of 1x1017-/cm. 

[Claim 10] It is the nitride semiconductor device of one publication among claims 4-9 which said 1st nitride semi-conductor layer 

becomes from AIYGa1-YN (0< Y<1), and said 2nd nitride semi-conductor layer becomes from InXGa1-XN (0<=X<1). 

[Claim 11] The nitride semiconductor device according to claim 10 which said 2nd nitride semi-conductor layer becomes from GaN. 

[Claim 12] It is the nitride semiconductor device of one publication among claims 4-9 which said 1st nitride semi-conductor layer 

becomes from AIXGa1-XN (0< X<1), and said 2nd nitride semi-conductor layer becomes from AIYGa1-YN (0< Y<1, X>Y). 

[Claim 13] The nitride semiconductor device of any one publication among claims 4-12 by which n mold impurity is not doped by said 

1st nitride semi-conductor layer or said 2nd nitride semi-conductor layer. 

[Claim 14] It is the nitride semiconductor device according to claim 2 or 3 which has bandgap energy with said 3rd larger nitride semi- 
conductor layer than said 4th nitride semi-conductor layer, and larger p mold high impurity concentration than said 4th nitride semi- 
conductor layer in said p side distortion super-latticed layer. 

[Claim 15] The nitride semiconductor device according to claim 14 which made small p mold high impurity concentration of the part 
close to said 4th nitride semi-conductor layer in said 3rd nitride semi-conductor layer as compared with the part which is separated 
from said 4th nitride semi-conductor layer. 

[Claim 16] The nitride semiconductor device according to claim 11 or 12 whose p mold high impurity concentration of the 4th nitride 
semi-conductor layer p mold high impurity concentration of said 3rd nitride semi-conductor layer is in the range of three to 
1x1021/cm3 of 1x1018-/cm. and is three or less 1x1020-/cm. 

[Claim 17] It is the nitride semiconductor device according to claim 2 or 3 which has bandgap energy with said 3rd larger nitride semi- 
conductor layer than said 4th nitride semi-conductor layer, and p mold high impurity concentration smaller than said 4th nitride semi- 
conductor layer in said p side distortion super-latticed layer. 
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[Claim 18] The nitride semiconductor device according to claim 17 which made small p mold high impurity concentration of the part 
close to said 3rd nitride semi-conductor layer in said 4th nitride semi-conductor layer as compared with the part which is separated 
from said 3rd nitride semi-conductor layer. 

[Claim 19] The nitride semiconductor device according to claim 17 or 18 whose p mold high impurity concentration of the 4th nitride 
semi-conductor layer p mold high impurity concentration of said 3rd nitride semi-conductor layer is three or less 1x1020-/cm. and is 
the range of three to 1x1021/cm3 of 1x1018-/cm. 

[Claim 20] It is the nitride semiconductor device of one publication among claims 14-19 which said 3rd nitride semi-conductor layer 

becomes from AIYGa1-YN (0< Y<1). and said 4th nitride semi-conductor layer becomes from InXGa1-XN (0<=X<1). 

[Claim 21] The nitride semiconductor device according to claim 20 which said 4th nitride semi-conductor layer becomes from GaN. 

[Claim 22] It is the nitride semiconductor device of one publication among claims 14-19 which said 3rd nitride semi-conductor layer 

becomes from AIXGa1-XN (0< X<1). and said 4th nitride semi-conductor layer becomes from AIYGa1-YN (0< Y<1, X>Y). 

[Claim 23] The nitride semiconductor device of any one publication among claims 14-22 by which p mold impurity is not doped by said 

3rd nitride semi-conductor layer or said 4th nitride semi-conductor layer. 

[Claim 24] In said n side distortion super-latticed layer said 1st nitride semi-conductor layer Have larger bandgap energy than said 2nd 
nitride semi-conductor layer and larger n mold high impurity concentration than said 2nd nitride semi-conductor layer, and it sets to 
said p side distortion super-latticed layer. Said 3rd nitride semi-conductor layer is a nitride semiconductor device according to claim 3 
which has larger bandgap energy than said 4th nitride semi-conductor layer and larger p mold high impurity concentration than said 4th 
nitride semi-conductor layer. 

[Claim 25] n mold high impurity concentration of said 1st nitride semi-conductor layer is the range of three to 1x1020/cm3 of 1x1017- 
/cm. n mold high impurity concentration of the 2nd nitride semi-conductor layer is three or less 1x1019-/cm. The nitride semiconductor 
device according to claim 24 whose p mold high impurity concentration of said 4th nitride semi-conductor layer p mold high impurity 
concentration of said 3rd nitride semi-conductor layer is the range of three to 1x1021/cm3 of 1x1018-/cm. and is three or less 
1x1020-/cm. 

[Claim 26] In said n side distortion super-latticed layer said 1 st nitride semi-conductor layer Have larger bandgap energy than said 2nd 
nitride semi-conductor layer and larger n mold high impurity concentration than said 2nd nitride semi-conductor layer, and it sets to 
said p side distortion super-latticed layer. Said 3rd nitride semi-conductor layer is a nitride semiconductor device according to claim 3 
which has larger bandgap energy than said 4th nitride semi-conductor layer and p mold high impurity concentration smaller than said 4th 
nitride semi-conductor layer. 

[Claim 27] n mold high impurity concentration of said 1st nitride semi-conductor layer is the range of three to 1x1020/cm3 of 1x1017- 
/cm. n mold high impurity concentration of the 2nd nitride semi-conductor layer is three or less 1x1019-/cm. The nitride semiconductor 
device according to claim 26 whose p mold high impurity concentration of the 4th nitride semi-conductor layer p mold high impurity 
concentration of said 3rd nitride semi-conductor layer is three or less 1x1020-/cm, and is the range of three to 1x1021/cm3 of 
1x1018-/cm. 

[Claim 28] In said n side distortion super- latticed layer said 1st nitride semi-conductor layer Have larger bandgap energy than said 2nd 
nitride semi-conductor layer and n mold high impurity concentration smaller than said 2nd nitride semi-conductor layer, and it sets to 
said p side distortion super-latticed layer. Said 3rd nitride semi-conductor layer is a nitride semiconductor device according to claim 3 
which has larger bandgap energy than said 4th nitride semi-conductor layer and larger p mold high impurity concentration than said 4th 
nitride semi-conductor layer. 

[Claim 29] n mold high impurity concentration of said 1st nitride semi-conductor layer is three or less 1x1019-/cm. n mold high impurity 
concentration of said 2nd nitride semi-conductor layer is the range of three to 1x1020/cm3 of 1x1017-/cm. The nitride semiconductor 
device according to claim 28 whose p mold high impurity concentration of said 4th nitride semi-conductor layer p mold high impurity 
concentration of said 3rd nitride semi-conductor layer is the range of three to 1x1021/cm3 of 1x1018-/cm. and is three or less 
1x1020-/cm. 

[Claim 30] In said n side distortion super-latticed layer said 1st nitride semi-conductor layer Have larger bandgap energy than said 2nd 
nitride semi-conductor layer and n mold high impurity concentration smaller than said 2nd nitride semi-conductor layer, and it sets to 
said p side distortion super-latticed layer. Said 3rd nitride semi-conductor layer is a nitride semiconductor device according to claim 3 
which has larger bandgap energy than said 4th nitride semi-conductor layer and p mold high impurity concentration smaller than said 4th 
nitride semi-conductor layer. 

[Claim 31] n mold high impurity concentration of said 1st nitride semi-conductor layer is three or less 1x101 9-/cm. n mold high impurity 
concentration of said 2nd nitride semi-conductor layer is the range of three to 1x1020/cm3 of 1x1017-/cm. The nitride semiconductor 
device according to claim 30 whose p mold high impurity concentration of the 4th nitride semi-conductor layer p mold high impurity 
concentration of said 3rd nitride semi-conductor layer is three or less 1x1020-/cm, and is the range of three to 1x1021/cm3 of 
1x1018-/cm. 

[Claim 32] In said n side distortion super-latticed layer, said 1st nitride semi - conductor layer consists of AIYGal— YN (0^ YO), and said 
2nd nitride semi-conductor layer consists of InXGa1-XN (0<=X<1). and it sets to said p side distortion super-latticed layer. It is the 
nitride semiconductor device of one publication among claims 24-31 which said 3rd nitride semi-conductor layer becomes from AIYGal - 
YN (0< Y<1), and said 4th nitride semi-conductor layer becomes from lnXGa1-XN (0<=X<1). 

[Claim 33] The nitride semiconductor device of one publication among claims 24-31 which said 2nd and 4th nitride semiconductor 
device becomes from GaN. respectively. 

[Claim 34] In said n side distortion super-latticed layer, said 1st nitride semi-conductor layer consists of AIXGa1-XN (0< X<1). Said 2nd 
nitride semi-conductor layer consists of AIYGa1-YN (0< Y<1. X>Y), and is set to said p side distortion super-latticed layer. It is the 
nitride semiconductor device of one publication among claims 24-31 which said 3rd nitride semi-conductor layer becomes from AIXGal- 
XN (0< X<1). and said 4th nitride semi-conductor layer becomes from AIYGal -YN (0< Y<1, X>Y). 

[Claim 35] Said 1st nitride semi-conductor layer or said 2nd nitride semi-conductor layer is the nitride semiconductor device of one 
publication among claims 24-34 which are the undoping layers by which n mold impurity is not doped. 

[Claim 36] Said 3rd nitride semi-conductor layer or said 4th nitride semi-conductor layer is the nitride semiconductor device of one 
publication among claims 24-34 which are the undoping layers by which p mold impurity is not doped. 

[Claim 37] The nitride semiconductor device of any one publication among claims 1-36 in which said barrier layer contains an InGaN 
layer. 

[Claim 38] The nitride semiconductor device according to claim 37 said whose InGaN layer is a quantum well layer. 

[Claim 39] Said nitride semiconductor device is a nitride semiconductor device of any one publication among claims 1-38 said whose 

barrier layers are the laser oscillation components located between the p side cladding layer and the n side cladding layer and at least 
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whose ones of said p side cladding layer and said n side cladding layers are said n side distortion super-latticed layer or said p side 
distortion super-latticed layer. 

[Claim 40] Said nitride semiconductor device is a nitride semiconductor device according to claim 39 in which it became from the nitride 
semi-conductor which is a laser oscillation component and contains In between said p side cladding layer and a barrier layer or in either 
[ at least ] between said p side cladding layer and a barrier layer, or GaN, and the lightguide layer whose high impurity concentration is 
three or less 1x101 9-/cm was formed. 

[Claim 41] The nitride semiconductor device according to claim 40 in which said lightguide layer has a superstructure. 
[Claim 42] The nitride semiconductor device according to claim 40 or 41 whose high impurity concentration of this cap layer the cap 
layer which has still larger bandgap energy than the well layer and said lightguide layer of said barrier layer between said lightguide layers 
and barrier layers, and consists of a nitride semi-conductor of 0.1 micrometers or less of thickness is formed, and is three or more 
1x101 8-/cm. 

[Claim 43] The nitride semiconductor device according to claim 42 characteri2ed by forming said lightguide layer and said cap layer in p 
electric conduction side nitride semi-conductor layer side. 

[Claim 44] A nitride semi-conductor layer is grown up on the different-species substrate which consists of a different ingredient from a 
nitride semi-conductor. After forming a protective coat on the this grown-up nitride semi-conductor layer so that the front face of this 
nitride semi-conductor layer may be exposed partially. The nitride semiconductor device in which the nitride semiconductor device of 
any one publication among claims 1-43 was formed on the nitride semi-conductor substrate which consists of a nitride semi-conductor 
layer grown up so that said protective coat might be covered from the exposed nitride semi-conductor layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the component using the nitride semi-conductor (InXAIYGa1-X-YN. 0 <=X. 0<=Y. 
X+Y<=1) used for electron devices, such as photo detectors, such as light emitting devices, such as LED (light emitting diode), LD (laser 
diode), or a super luminescent diode (SLD), a solar battery, and a photosensor, or a transistor, and a power device. In addition, it is not 
shown that X value of those layers and Y value of AIYGa1-YN [ general formula InXGa1-XN used in this specification, ] correspond even 
if the empirical formula of a nitride semi-conductor layer is only shown and a different layer is shown by the same empirical formula, for 
example. 
[0002] 

[Description of the Prior Art] The nitride semi-conductor was just put in practical use with the full color LED display, the traffic light, 
etc. as an ingredient of high brightness blue LED and authentic green LED recently. LED used for these various devices has terrorism 
structure to the double by which the barrier layer of the single quantum well structure (SQW:Single-Quantum-Well) of having the well 
layer which consists of InGaN. or multiplex quantum well structure (MQW:Multi-Quantum-Well) was sandwiched between n mold nitride 
semi-conductor layer and p mold nitride semi-conductor layer. Wavelength, such as blue and green, is determined by fluctuating In 
presentation ratio of an InGaN well layer. 

[0003] Moreover, these people announced the 410nm laser oscillation in a room temperature for the first time under pulse current in the 
world recently using this ingredient (for example, Jpn.J Appl.Phys.35(1996) L74 and Jpn.J Appl.Phys.35(1 996) L217 grade). This laser 
component has terrorism structure to the double which has the barrier layer of multiplex quantum well structure using the well layer 
which consists of InGaN, is the conditions of 2 microseconds of pulse width, and 2ms of pulse periods, and shows the oscillation of the 
threshold current of 610mA. and threshold-current consistency 8.7 kA/cm2.410nm. Furthermore, we announced the improved laser 
component in Appl.Phys.Lett.69 (1996) 1477. This laser component has the structure where the ridge stripe was formed in a part of p 
mold nitride semi-conductor layer, is 1 microsecond of pulse width. 1ms of pulse periods, and 0.1% of duty ratio, and shows the 
threshold current of 187mA. and threshold-current consistency the oscillation of 2,410 nm of 3kA/cm. And further, we succeeded also 
in the continuous oscillation in a room temperature for the first time, and announced. A this (Nikkei electronics December 2. 1996 issue 
technical news flash. Appl.Phys.Lett.69 (1996) 3034, Appl.Phys.Lett.69 (1996) 4056, etc. and laser} component shows the continuous 
oscillation of 27 hours in 20 degrees C in threshold-current consistency 3.6 kA/cm2 and a threshold voltage 5.5V or 1.5mW output. [ for 
example. ] 
[0004] 

[Problem(s) to be Solved by the Invention] The blue which consists of a nitride semi-conductor, and green LED are forward current (If) 
20mA, and compared with the red LED which forward voltage (Vf) becomes from the semi-conductor of those with 3.4V - 3.6V. and a 
GaAIAs system, more than 2V. since it is high, the further fall of Vf is desired. Moreover, in LD, the current in a threshold and an 
electrical potential difference are still high, and in order to carry out long duration continuous oscillation at a room temperature, it is 
necessary to realize a component with still higher effectiveness for which this threshold current and an electrical potential difference 
fall. 

[0005] If the threshold voltage of a laser component can be reduced and the technique will be applied to an LED component, the fall of 
Vf of an LED component can be expected. Therefore, the place made into the purpose of this invention is by reducing the current in the 
threshold of LD component which mainly consists of a nitride semi-conductor, and an electrical potential difference to realize 
continuous oscillation of long duration. 
[0006] 

[Means for Solving the Problem] In a nitride semiconductor device, by making any one or more semi-conductor layers other than a 
barrier layer into a distortion superstructure, this invention finds out that the crystallinity of this semi-conductor layer can improve and 
the electric resistance of this semi-conductor layer can be made low. and is completed. Namely, the 1 st nitride semiconductor device of 
this invention A barrier layer is n electric conduction side (it is hereafter called the n side.). A nitride semi-conductor layer side, p 
electric conduction side (it is hereafter called the p side.) Are the nitride semiconductor device which it comes to form between nitride 
semi-conductor layers, and it sets in the nitride semi-conductor layer by the side of said n electric conduction. The 1st and the 2nd 
nitride semi-conductor layer from which bandgap energy differs mutually in said barrier layer, the distant location, or the location that 
touched, and n mold high impurity concentration differs mutually are characterized by having the n side distortion super-latticed layer 
which comes to carry out a laminating. Since the electric resistance of the nitride semi-conductor layer which consisted of superlattice 
layers can be made small by this, resistance as the whole nitride semi-conductor layer by the side of n electric conduction can be made 
small. 

[0007] Moreover, a barrier layer is the nitride semiconductor device which it comes to form between the nitride semi-conductor layer by 
the side of n electric conduction, and the nitride semi-conductor layer by the side of p electric conduction, and sets the 2nd nitride 
semiconductor device of this invention in the nitride semi-conductor layer by the side of said p electric conduction. The 3rd and the 4th 
nitride semi-conductor layer from which bandgap energy differs mutually in said barrier layer, the distant location, or the location that 
touched, and p mold high impurity concentration differs mutually are characterized by having the p side distortion super-latticed layer 
which comes to carry out a laminating. Since the electric resistance of the nitride semi-conductor layer which consisted of superlattice 
layers can be made small by this, resistance as the whole nitride semi-conductor layer by the side of p electric conduction can be made 
small. Here, p electric conduction side shall point out the nitride semi-conductor layer between a barrier layer and a positive electrode 
(p electrode), and n electric conduction side shall point out the nitride semi-conductor layer which is in the opposite side p electric 



http:// www4.ipdl.inpitgo jp/ cgi-brn/tran_web_cgi_ejue 



2007/05/15 



JP.2003-1 01 1 54.A [DETAILED DESCRIPTION] 2/1 2 /<— i> 




conduction side on both sides of a barrier layer. In addition, it cannot be overemphasized that the built-up sequence of the 1st nitride 
semi-conductor layer and the 2nd nitride semi-conductor layer and the built-up sequence of the 3rd nitride semi-conductor layer and 
the 4th nitride semi-conductor layer are not asked. 

[0008] Furthermore, a barrier layer is the nitride semiconductor device which it comes to form between the nitride semi-conductor layer 
by the side of n electric conduction, and the nitride semi-conductor layer by the side of p electric conduction, and sets the 3rd nitride 
semiconductor device of this invention in the nitride semi-conductor layer by the side of said n electric conduction. It has the n side 
distortion super-latticed layer to which it comes to carry out the laminating of the 1st and the 2nd nitride semi-conductor layer from 
which bandgap energy differs mutually in said barrier layer, the distant location, or the location that touched, and n mold high impurity 
concentration differs mutually. In the nitride semi-conductor layer by the side of said p electric conduction, the 3rd and the 4th nitride 
semi-conductor layer from which bandgap energy differs mutually in said barrier layer, the distant location, or the location that touched, 
and p mold high impurity concentration differs mutually are characterized by having the p side distortion super-latticed layer which 
comes to carry out a laminating. Since the electric resistance of the nitride semi-conductor layer which consisted of superlattice layers 
can be made small by this, resistance as the whole nitride semi-conductor layer by the side of n electric conduction and p electric 
conduction can be made small. 

[0009] In the 1st of this invention, or the 3rd nitride semiconductor device, the n side distortion super-latticed layer will be formed as at 
least one sort of layers of the buffer layer formed in contact with the substrate, the n side contact layer in which n electrode is formed, 
the n side cladding layer as carrier #**♦**, and the n side lightguide layers which guide luminescence of a barrier layer, if it is a light 
emitting device and an optoelectric transducer like a photo detector. In the 2nd or 3rd nitride semiconductor device, the p side 
distortion super-latticed layer is formed as at least one sort of layers of the p side contact layer in which p electrode is formed, the p 
side cladding layer as carrier ******, and the p side lightguide layers which guide luminescence of a barrier layer. 
[0010] In the 1st of this invention, and the 3rd nitride semiconductor device, in a superlattice layer, high impurity concentration of the 
1st nitride semi-conductor layer with big bandgap energy may be enlarged as compared with the high impurity concentration of the 2nd 
nitride semi-conductor layer with small bandgap energy, and you may make it small. Since high impurity concentration can move the 
carrier which was made to generate a carrier in the 1st nitride semi-conductor layer with big bandgap energy, could pour into the 2nd 
nitride semi-conductor layer with small bandgap energy, and was poured in in the 2nd small nitride semi-conductor layer with large 
mobility when high impurity concentration of said 1st nitride semi-conductor layer is enlarged as compared with the high impurity 
concentration of the 2nd nitride semi-conductor layer, the electric resistance of a superlattice layer can be made small. Here, in this 
specification, when summarizing and calling the n side distortion super- latticed layer and the p side distortion super-latticed layer, it is 
only called a superlattice layer as mentioned above. 

[0011] When high impurity concentration of said 1st nitride semi-conductor layer is enlarged as compared with the high impurity 
concentration of the 2nd nitride semi-conductor layer, moreover, in the 1st nitride semiconductor device The part which approaches the 
2nd nitride semi-conductor layer in the 1st nitride semi-conductor layer of a superlattice layer (it is hereafter called a contiguity part.) 
It is desirable to make small n mold or p mold high impurity concentration as compared with the part which is separated from the 2nd 
nitride semi-conductor layer. By this, the carrier which moves in the inside of the 2nd nitride semi-conductor layer can prevent being 
scattered about with the impurity of said contiguity part, can make still higher mobility of the 2nd nitride semi-conductor layer, and can 
make the electric resistance of a superlattice layer still lower. 

[0012] When many n mold impurities are specifically doped in the 1st nitride semi-conductor layer with large bandgap energy in the 1st 
and 3rd nitride semiconductor device, It is desirable that n mold high impurity concentration of the 1st nitride semi-conductor layer is in 
the range of three to 1x1020/cm3 of 1x101 7-/cm, and n mold high impurity concentration of the 2nd nitride semi-conductor layer sets 
it as three or less 1x1019-/cm smaller than the 1st nitride semi-conductor layer. In addition, as for n mold high impurity concentration 
of the 2nd nitride semi-conductor layer with small bandgap energy, it is more desirable that it is three or less 1x1018-/cm. and it is 
more desirable that it is three or less 1x1017-/cm. That is, from a viewpoint which makes high mobility of the 2nd nitride semi- 
conductor layer, as n mold high impurity concentration of the 2nd nitride semi-conductor layer is small, it is good and its condition of 
not doping an undoping (undope) layer, i.e., an impurity, for the 2nd nitride semi-conductor layer intentionally is the most desirable. 
[0013] Moreover, when high impurity concentration of said 1st nitride semi-conductor layer is made small as compared with the high 
impurity concentration of the 2nd nitride semi-conductor layer, in said 2nd nitride semi-conductor layer, it is desirable to make small n 
mold high impurity concentration of the part close to said 1st nitride semi-conductor layer as compared with the part which is 
separated from said 1st nitride semi-conductor layer. Furthermore, when high impurity concentration of said 1st nitride semi-conductor 
layer is made small as compared with the high impurity concentration of the 2nd nitride semi-conductor layer, n mold high impurity 
concentration of said 1st nitride semi-conductor layer is three or less 1x1019-/cm, and it is desirable that n mold high impurity 
concentration of said 2nd nitride semi-conductor layer is the range of three to 1x1020/cm3 of 1x1017-/cm. In addition, undoping 
(undope), i.e., the condition of not doping an impurity intentionally, is most preferably the most desirable [ said 1st nitride semi- 
conductor layer] three or less 1x101 7-/cm still more preferably three or less 1x101 8-/cm. 

[0014] moreover, in the 1 st and 3rd nitride semiconductor devices In a superlattice layer, in order to form a crystalline good superlattice 
layer, an energy band gap forms said 1st nitride semi-conductor layer comparatively by AIYGa1-YN (0< Y<1) into which a crystalline 
good large and layer can be grown up. It is desirable that an energy band gap forms said 2nd nitride semi-conductor layer comparatively 
by InXGa1-XN (0<=X<1) into which a small crystalline good layer can be grown up. 

[0015] Moreover, it is still more desirable that said 2nd nitride semi-conductor layer consists of GaN in a superlattice layer in the 1st 
and 3rd nitride semiconductor devices. Since said 1st nitride semi-conductor layer (AIYGa1-YN) and -said 2nd nitride semi-conductor 
layer (GaN) can be grown up in the same ambient atmosphere by this, it is very advantageous on manufacture of a superlattice layer. 
[0016] Moreover, in the 1st and 3rd nitride semiconductor devices, in a superlattice layer, said 1st nitride semi-conductor layer can be 
formed by AIXGa1-XN (0< X<1). and said 2nd nitride semi-conductor layer can also be formed by AIYGa1-YN (0< Y<1. X>Y). 
[0017] Furthermore, in said 1st nitride semi-conductor layer or said 2nd nitride semi-conductor layer, it is still more desirable that n 
mold impurity is not doped. 

[0018] In the 2nd of this invention, and the 3rd nitride semiconductor device, in a superlattice layer, high impurity concentration of the 
3rd nitride semi-conductor layer with big bandgap energy may be enlarged as compared with the high impurity concentration of the 4th 
nitride semi-conductor layer with small bandgap energy, and you may make it small. Since high impurity concentration can move the 
carrier which was made to generate a carrier in the 3rd nitride semi-conductor layer with big bandgap energy, could pour into the 4th 
nitride semi-conductor layer with small bandgap energy, and was poured in in the 4th small nitride semi-conductor layer with large 
mobility when high impurity concentration of said 3rd nitride semi-conductor layer is enlarged as compared with the high impurity 
concentration of the 4th nitride semi-conductor layer, the electric resistance of a superlattice layer can be made small. 
[0019] moreover, in the 2nd and 3rd nitride semiconductor devices The part which approaches the 4th nitride semi-conductor layer in 
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the 1st nitride semi-conductor layer of a superlattice layer when high impurity concentration of said 3rd nitride semi-conductor layer is 
enlarged as compared with the high impurity concentration of the 4th nitride semi-conductor layer (it is hereafter called a contiguity 
part.) It is desirable to make p mold high impurity concentration small as compared with the part which is separated from the 4th nitride 
semi-conductor layer. By this, the carrier which moves in the inside of the 4th nitride semi-conductor layer can prevent being scattered 
about with the impurity of said contiguity part, can make still higher mobility of the 4th nitride semi-conductor layer, and can make the 
electric resistance of a superlattice layer still lower. 

[0020] Moreover, when high impurity concentration of said 3rd nitride semi-conductor layer is enlarged in the 2nd and 3rd nitride 
semiconductor device as compared with the high impurity concentration of the 4th nitride semi-conductor layer, p mold high impurity 
concentration of the 3rd nitride semi-conductor layer with large bandgap energy is in the range of three to 1x1021/cm3 of 1x1018-/cm. 
It is more desirable that p mold high impurity concentration of the 4th nitride semi-conductor layer sets it as three or less 1x1020-/cm 
smaller than the high impurity concentration of the 3rd nitride semi-conductor layer. In addition, as for the 4th nitride semi-conductor 
layer with small bandgap energy, it is more desirable that it is three or less 1x1019-/cm, and it is still more desirable that it is three or 
less 1x1018-/cm. That is, from a viewpoint which makes high mobility of the 4th nitride semi-conductor layer, as p mold high impurity 
concentration of the 4th nitride semi-conductor layer is small, it is good and its condition of not doping an undoping layer, i.e., an 
impurity, for the 4th nitride semi-conductor layer intentionally is the most desirable. 

[0021] Moreover, in the 2nd and 3rd nitride semiconductor devices, when high impurity concentration of said 3rd nitride semi-conductor 
layer is made small as compared with the high impurity concentration of the 4th nitride semi-conductor layer, in said 4th nitride semi- 
conductor layer, it is desirable to make small p mold high impurity concentration of the part close to said 3rd nitride semi-conductor 
layer as compared with the part which is separated from said 3rd nitride semi-conductor layer. 

[0022] Moreover, in the 2nd and 3rd nitride semiconductor devices, when high impurity concentration of said 3rd nitride semi-conductor 
layer is made small as compared with the high impurity concentration of the 4th nitride semi-conductor layer, p moid high impurity 
concentration of said 3rd nitride semi-conductor layer is three or less 1x1020-/cm, and it is desirable that p mold high impurity 
concentration of the 4th nitride semi-conductor layer is the range of three to 1x1021/cm3 of 1x1018-/cm. In addition, undoping 
(undope), i.e., the condition of not doping an impurity intentionally, is still more preferably the most desirable [ said 3rd nitride semi- 
conductor layer ] most preferably three or less 1x101 8-/cm three or less 1x1019-/cm. 

[0023] Moreover, in the 2nd and 3rd nitride semiconductor devices, in order to form a crystalline good superlattice layer, it is desirable 
for an energy band gap to form said 3rd nitride semi-conductor layer comparatively by AIYGa1-YN (0< Y<1) into which a crystalline 
good large and layer can be grown up, and to form said 4th nitride semi-conductor layer by InXGa1-XN (0<=X<1). As for said 4th nitride 
semi-conductor layer, consisting of GaN is still more desirable. Since said 3rd nitride semi-conductor layer (AIYGa1-YN) and said 4th 
nitride semi-conductor layer (GaN) can be grown up in the same ambient atmosphere by this, it is very advantageous on manufacture of 
a superlattice layer. 

[0024] Moreover, in the 2nd and 3rd nitride semiconductor devices, said 3rd nitride semi-conductor layer may be formed by AIXGa1-XN 
(0< X<1 ), and said 4th nitride semi-conductor layer may be formed by AIYGa1-YN (0< Y<1 , X>Y). 

[0025] Moreover, in the 2nd and 3rd nitride semiconductor devices, it is desirable in said 3rd nitride semi-conductor layer or said 4th 
nitride semi-conductor layer that p mold impurity is not doped. 

[0026] The bandgap energy of said 1st nitride semi-conductor layer is [ in / at the 3rd nitride semiconductor device / said n side 
distortion super-latticed layer ] larger than the bandgap energy of said 2nd nitride semi-conductor layer. And n mold high impurity 
concentration of said 1st nitride semi-conductor layer is higher than n mold high impurity concentration of said 2nd nitride semi- 
conductor layer, and, moreover, it sets to said p side distortion super-latticed layer. More greatly than the bandgap energy of said 4th 
nitride semi-conductor layer, p mold high impurity concentration of said 3rd nitride semi-conductor layer is higher than p mold high 
impurity concentration of said 4th nitride semi-conductor layer, and the bandgap energy of said 3rd nitride semi-conductor layer can set 
up. In this case, n mold high impurity concentration of said 1st nitride semi-conductor layer is the range of three to 1x102O/cm3 of 
1x1017-/cm. n mold high impurity concentration of the 2nd nitride semi-conductor layer is three or less 1x1019-/cm. p mold high 
impurity concentration of said 3rd nitride semi-conductor layer is the range of three to 1x1021/cm3 of 1x1018-/cm, and it is desirable 
that p mold high impurity concentration of said 4th nitride semi-conductor layer is three or less 1x1020-/cm. 

[0027] In the 3rd nitride semiconductor device, it sets to said n side distortion super-latticed layer. Moreover, said 1st nitride semi- 
conductor layer it has larger bandgap energy than said 2nd nitride semi-conductor layer and larger n mold high impurity concentration 
than said 2nd nitride semi-conductor layer — as — setting up — and — In said p side distortion super-latticed layer Said 3rd nitride 
semi-conductor layer can be set up so that it may have larger bandgap energy than said 4th nitride semi-conductor layer and p mold 
high impurity concentration smaller than said 4th nitride semi-conductor layer. In this case, n mold high impurity concentration of said 
1st nitride semi-conductor layer is the range of three to 1x1020/cm3 of 1x1017-/cm. n mold high impurity concentration of the 2nd 
nitride semi-conductor layer is three or less 1x1019-/cm. p mold high impurity concentration of said 3rd nitride semi-conductor layer is 
three or less 1x1020-/cm. and it is desirable that p mold high impurity concentration of the 4th nitride semi-conductor layer is the 
range of three to 1x1021/cm3 of 1x1018-/cm. 

[0028] In the 3rd nitride semiconductor device, it sets to said n side distortion super— latticed layer. Moreover, said 1st nitride semi- 
conductor layer Have larger bandgap energy than said 2nd nitride semi-conductor layer and n mold high impurity concentration smaller 
than said 2nd nitride semi-conductor layer, and it sets to said p side distortion super-latticed layer. Said 3rd nitride semi-conductor 
layer can be set up so that it may have larger bandgap energy than said 4th nitride semi-conductor layer and larger p mold high impurity 
concentration than said 4th nitride semi-conductor layer. In this case, n mold high impurity concentration of said 1st nitride semi- 
conductor layer is three or less 1x1019-/cm. n mold high impurity concentration of said 2nd nitride semi-conductor layer is the range of 
three to 1x1020/cm3 of 1x1017-/cm. p mold high impurity concentration of said 3rd nitride semi-conductor layer is the range of three 
to 1x1021/cm3 of 1x1018-/cm, and it is desirable that p mold high impurity concentration of said 4th nitride semi-conductor layer is 
three or less 1x1020-/cm. 

[0029] In the 3rd nitride semiconductor device, it sets to said n side distortion super-latticed layer. Furthermore, said 1st nitride semi- 
conductor layer Have larger bandgap energy than said 2nd nitride semi-conductor layer and n mold high impurity concentration smaller 
than said 2nd nitride semi-conductor layer, and it sets to said p side distortion super-latticed layer. Said 3rd nitride semi-conductor 
layer can be set up so that it may have larger bandgap energy than said 4th nitride semi-conductor layer and p mold high impurity 
concentration smaller than said 4th nitride semi-conductor layer. In this case, n mold high impurity concentration of said 1st nitride 
semi-conductor layer is three or less 1x101 9-/cm. n mold high impurity concentration of said 2nd nitride semi-conductor layer is the 
range of three to 1x1020/cm3 of 1x1017-/cm. p mold high impurity concentration of said 3rd nitride semi-conductor layer is three or 
less 1x1020-/cm, and it is desirable that p mold high impurity concentration of the 4th nitride semi-conductor layer is the range of 
three to 1x1021/cm3 of 1x1018-/cm. 
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[0030] In the 3rd nitride semiconductor device, said 1st nitride semi-conductor layer is formed by AIYGa1-YN (0< Y<1) in said n side 
distortion super-latticed layer. Form said 2nd nitride semi-conductor layer by InXGa1-XN (0<=X<1), and it is set to said p side distortion 
super-latticed layer. Said 3rd nitride semi-conductor layer can be formed by AIYGa1~YN (0< Y<1), and said 4th nitride semi-conductor 
layer can be formed by InXGa1-XN (0<=X<1). Furthermore, it is desirable that said 2nd and 4th nitride semiconductor device consists of 
GaN, respectively. 

[0031] In the 3rd nitride semiconductor device, said 1st nitride semi-conductor layer is formed by AIXGa1-XN (0< X<1) in said n side 
distortion super-latticed layer. Form said 2nd nitride semi-conductor layer by AIYGa1-YN (0< Y<1. X>Y), and it is set to said p side 
distortion super-latticed layer. Said 3rd nitride semi-conductor layer can be formed by AIXGa1~XN (0< X<1), and said 4th nitride semi- 
conductor layer can be formed by AIYGa1~YN (0< Y<1, X>Y). 

[0032] Furthermore, in the 3rd nitride semiconductor device, it is desirable that it is the undoping layer by which, as for said 1st nitride 
semi-conductor layer or said 2nd nitride semi-conductor layer, n mold impurity is not doped, and, as for said 3rd nitride semi-conductor 
layer or said 4th nitride semi-conductor layer, it is desirable that it is the undoping layer by which p mold impurity is not doped. 
[0033] moreover, the 1st — the 2nd — it is desirable that said barrier layer contains an InGaN layer in the 3rd nitride semiconductor 
device, and it is still more desirable that said InGaN layer is a quantum well layer. In addition, said barrier layer may be single quantum 
well structure, and may be multiplex quantum well structure. 

[0034] Moreover, the nitride semiconductor device of one mode concerning this invention is a laser oscillation component to which said 
barrier layer is located between the p side cladding layer and the n side cladding layer, and at least one of said p side cladding layer and 
said n side cladding layers is said n side distortion super-latticed layer or said p side distortion super-latticed layer. This can constitute 
the low laser oscillation component of a threshold current. 

[0035] Moreover, it is desirable that consist of a nitride semi-conductor which contains In between said p side cladding layer and a 
barrier layer or in either [ at least ] between said p side cladding layer and a barrier layer, or GaN with said laser oscillation component, 
and the lightguide layer whose high impurity concentration is three or less 1x101 9-/cm is formed. Since the rate of the absorption of 
light generated in said barrier layer is low. this lightguide layer has carrying out [ little ] extinction of the luminescence of a barrier layer, 
and can realize the laser component which can be oscillated by low interest profit. In order to make the rate of the absorption of light 
low in this invention, as for the high impurity concentration of said lightguide layer, it is more desirable that it is three or less 1x1018- 
/cm, it is still more desirable that it is three or less 1x1017-/cm. and it is most desirable that it is undoping. In addition, said lightguide 
layer may be made into a superstructure. 

[0036] Furthermore, it is desirable that the cap layer which has larger bandgap energy than the bandgap energy of the well layer of a 
barrier layer and said lightguide layer and which consists of a nitride semi-conductor of 0.1 micrometers or less of thickness is formed 
between said lightguide layers and barrier layers, and, as for the high impurity concentration of the cap layer, it is desirable to set it as 
three or more 1x1018-/cm. Thus, leakage current can be lessened by forming said big cap layer of bandgap energy. If this lightguide 
layer and a cap layer are formed in p electric conduction side nitride semi-conductor layer side, they are more effective. 
[0037] moreover, this invention — setting — the 1- the 3rd nitride semiconductor device A nitride semi-conductor layer is grown up on 
the different-species substrate which consists of a different ingredient from a nitride semi-conductor. After forming a protective coat 
on the this grown-up nitride semi-conductor layer so that the front face of this nitride semi-conductor layer may be exposed partially, it 
is desirable to form on the nitride semi-conductor substrate which consists of a nitride semi-conductor which grew so that said 
protective coat might be covered from the exposed nitride semi-conductor layer, this — the 1- since each class of the 3rd nitride 
semiconductor device can be formed with sufficient crystallinity. the nitride semiconductor device which has the outstanding property 
can be formed. In the invention in this application, this different-species substrate and a protective coat may leave as a substrate the 
nitride (or carried out) semi-conductor layer in which the nitride semiconductor device was formed, and may remove it before 
component growth or after component growth. 
[0038] 

[Embodiment of the Invention] Drawing 1 is the typical sectional view showing the structure of the nitride semiconductor device of 1 
operation gestalt concerning this invention. The nitride semiconductor device of this operation gestalt is a laser component (therefore, 
only henceforth the laser component of an operation gestalt) of the electrode stripe mold which makes a barrier layer end face a 
resonance side, and drawing 1 shows typically the cross section at the time of cutting a component in a direction perpendicular to the 
resonance direction of a laser beam. Hereafter, the operation gestalt of this invention is explained with reference to drawing 1 . 
[0039] First, in drawing 1 , each sign shows the following. 10 grew for example, shows the GaN substrate of 10 micrometers or more of 
thickness on the substrate which consists of ingredients, such as the different-species substrate which consists of a different 
ingredient from a nitride semi-conductor, for example, sapphire, a spinel, SiC and Si, GaAs, and ZnO. In addition, as shown in drawing 1 , 
after a different-species substrate forms the GaN substrate 10, it may be removed, and it may be used without removing, as shown in 
the example mentioned later ( drawing 4 ). 1 1 shows the buffer layer which consists of an Si dope n mold GaN, and the ** n side 
contact layer. The n side cladding layer of the superstructure to which 12 is in the location distant from the barrier layer, for example, it 
comes to carry out the 100-layer laminating of Si dope n mold aluminum0.2Ga0.8N (1st nitride semi-conductor layer) of 40A of 
thickness and the undoping (undope) GaN layer (2nd nitride semi-conductor layer) of 40A of thickness by turns is shown. 13 is between 
the n side cladding layer 12 and a barrier layer 14, it has bandgap energy smaller than aluminum0.2Ga0.8N of the n side cladding layer 
12, for example, the n side guide layer which consists of undoping GaN is shown. 14 shows the barrier layer of the multiplex quantum 
well structure of coming by turns to carry out a total of five-layer laminating of three layers of well layers which consist of InO.2GaO.8N 
of 30A of thickness, and the barrier layer two-layer which consist of In0.05Ga0.95N which is 30A of thickness with larger bandgap 
energy than a well layer. 15 is larger than the bandgap energy of the well layer of a barrier layer 14. and is larger than the bandgap 
energy of the p side lightguide layer 16, for example, shows the p side cap layer which consists of Mg dope p mold aluminumO.3GaO.7N. 
Bandgap energy of this p side cap layer 15 is preferably made larger than a nitride semi-conductor layer with the smaller bandgap 
energy of the p side cladding layer 17 of a superstructure (4th nitride semi-conductor layer). 16 is between the p side cladding layer 17 
and a barrier layer 14. it has bandgap energy smaller than aluminumO 2Ga0.8N of the p side cladding layer 17, for example, the p side 
guide layer which consists of undoping GaN is shown. The p side cladding layer of the superstructure to which 17 is in the location 
distant from the barrier layer, for example, it comes to carry out the 100-layer laminating of Mg dope p mold aluminum0.2Ga0.8N of 40A 
of thickness and the undoping (undope) GaN layer of 40A of thickness by turns is shown. 18 has bandgap energy smaller than 
aluminum0.2Ga0.8N of the p side cladding layer 17, for example, shows the p side contact layer which consists of a Mg dope GaN. 
[0040] thus, the p side contact layer 1 8 which the laser component of the operation gestalt of this invention has the structure where 
the laminating of each above-mentioned nitride semi-conductor layers 11-18 was carried out on the GaN substrate 10, a stripe ridge is 
formed and the nitride semi-conductor layer of the p side cladding layer 17 to a top has in the ridge outermost surface — the p 
electrode 21 is mostly formed in the whole surface. On the other hand, it is etched from the nitride semi-conductor layer upper part. 
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and the n electrode 23 is formed in the front face of the exposed n side buffer layer 11. With the gestalt of this operation, although the 
n electrode 23 is formed in the front face of the n side buffer layer 11. since the GaN substrate 10 is used as a substrate, even the GaN 
substrate 10 can etch the part which form's n electrode, the front face of the GaN substrate 10 can be exposed, and it can also 
consider as the structure of forming n electrode in the front face of the exposed GaN substrate 10, and preparing p electrode and n 
electrode in the same field side. Moreover, the insulator layer 25 which consists of Si02 is formed in the nitride semi-conductor front 
face exposed between the n electrode 23 and the p electrode 21, and p pad electrode 22 and n pad electrode 24 are formed in it as an 
object for bondings through the window part of the insulator layer 25. respectively. In addition, as stated also in advance, in this 
specification, the nitride semi-conductor layer between a barrier layer and p electrode is not concerned with the conductivity type of a 
nitride semi-conductor layer, but is called p side nitride semi-conductor layer, names [ it names generically, and ] generically the nitride 
semi-conductor layer between the barrier layer and GaN substrate 10, and calls it the n side nitride semi-conductor layer. 
[0041] With the laser component of the operation gestalt of this invention, the laminating of the 1st nitride semi-conductor layer with 
big bandgap energy and the 2nd nitride semi-conductor layer with bandgap energy smaller than the 1st nitride semi-conductor layer is 
carried out to the location left with the barrier layer 14 in the n side nitride semi-conductor layer in the lower part of a barrier layer 14 
shown in drawing 1 , and it has the n side cladding layer 12 of the superstructure from which high impurity concentration differs 
mutually. 100A or less of 7 OA or less of thickness of the 1st nitride semi-conductor layer which constitutes a superlattice layer, and the 
2nd nitride semi-conductor layer is most preferably adjusted to 10-40A thickness still more preferably. When thicker than 100A, the 1st 
nitride semi-conductor layer and the 2nd nitride semi-conductor layer serve as thickness beyond an elastic distortion limitation, and it 
is in the inclination for a very small crack or a crystal defect to tend to enter into the film. Although not to limit especially the minimum 
of the thickness of the 1 st nitride semi-conductor layer and the 2nd nitride semi-conductor layer but what is necessary is just one or 
more atomic layers in this invention, 10A or more is the most desirable as mentioned above. Make it still the nitride semi-conductor 
which contains aluminum at least, and more desirable [ the 1st nitride semi-conductor layer] for AIXGa1-XN (0< X<=1) to grow 
preferably. On the other hand, although what kind of thing may be used as long as the 2nd nitride semi-conductor is a nitride semi- 
conductor with bandgap energy smaller than the 1st nitride semi-conductor, mixed crystal and the nitride semi-conductor of 3 yuan 
mixed crystal are easy to grow up 2 yuan like [ it is desirable and ] AIYGa1-YN (0<=Y<1, X>Y) and InZGa1-ZN (0<=Z<1), and a 
crystalline good thing is easy to be obtained, the purpose which obtains especially the superlattice which set the 1st nitride semi- 
conductor to AIXGa1-XN (0< X<1) which does not contain In and Ga, set the 2nd nitride semi-conductor to InZGa1-ZN (0<=Z<1) which 
does not contain aluminum, and was excellent in crystallinity especially preferably also in it — it is — aluminum mixed-crystal ratio (Y 
value) — 0.3 or less AIXGal- the combination of XN (0< X<=0.3) and GaN is the most desirable. 

[0042] Moreover, when the 1st nitride semi-conductor is formed using AIXGa1-XN (0< X<1) and the 2nd nitride semi-conductor is 
formed using GaN. it has the advantage which was excellent on the following manufactures. That is, in formation of the AIXGa1-XN (0< 
X<1) layer by the organic metal gas layer grown method (MOCVD). and a GaN layer, any layer can be grown up in the same H2 ambient 
atmosphere. Therefore, a superlattice layer can be formed by growing up an AIXGal -X</SUB>N (0< X<1) layer and a GaN layer by 
turns, without changing an ambient atmosphere. This is an advantage very big when manufacturing the superlattice layer which needs to 
carry out the laminating of several ten to several 100 layers, and needs to form them. 

[0043] When forming a cladding layer as an optical confinement layer and a carrier confining layer, it is necessary to grow up a nitride 
semi-conductor with larger bandgap energy than the well layer of a barrier layer. It is the high nitride semi-conductor of the big nitride 
semi-conductor layer of bandgap energy, i.e., aluminum mixed-crystal ratio. In the former, if the high nitride semi-conductor of aluminum 
mixed-crystal ratio was grown up with a thick film, since a crack would become easy to enter, crystal growth was very difficult, however, 
the AIGaN layer as 1st nitride semi-conductor layer which constitutes a superlattice layer if it is made a superlattice layer like this 
invention — some of aluminum mixed-crystal ratios — since it is made to grow up by the thickness below elastic critically thickness 
also as a high layer, a crack cannot enter easily. Therefore, since the high layer of aluminum mixed-crystal ratio can be grown up with 
sufficient crystallinity in this invention, the high cladding layer of optical confinement and a carrier locked-in effect can be formed, and 
Vf (forward voltage) can be reduced in threshold voltage and an LED component with a laser component. 

[0044] Furthermore, with the laser component of the gestalt of operation concerning this invention, it sets up so that n mold high 
impurity concentration of the 1st nitride semi-conductor layer of this n side cladding layer 12 and the 2nd nitride semi-conductor layer 
may differ mutually. This is called the so-called modulation dope, and if it is small in n mold high impurity concentration of one layer and 
dopes in another layer at high concentration as a condition (undoping) which does not dope an impurity preferably, it can reduce 
threshold voltage, Vf. etc. It is because this can form a superlattice layer while carrier concentration has been high when the mobility of 
the layer becomes large and the layer of high concentration [ high impurity concentration ] also exists in coincidence by making a layer 
with low high impurity concentration exist in a superlattice layer. That is, when a layer with high mobility with low high impurity 
concentration and a layer with large carrier concentration with high high impurity concentration exist in coincidence, carrier 
concentration is large, and since a layer also with large mobility turns into a cladding layer, it is guessed that threshold voltage and Vf 
fall. 

[0045] When an impurity is doped in the big nitride semi-conductor layer of bandgap energy at high concentration, two dimensional 
electron gas can be done by this modulation dope between a high high-impurity-concentration layer and a low high-impurity- 
concentration layer, and it is guessed that resistivity falls under the effect of this two dimensional electron gas. For example, in the 
superlattice layer which carried out the laminating of the large nitride semi-conductor layer of the band gap by which n mold impurity 
was doped, and the nitride semi-conductor layer of undoping with a small band gap. by the heterojunction interface of the layer which 
added n mold impurity, and the layer of undoping, a barrier layer side depletion-izes and an electron (two dimensional electron gas) is 
accumulated in the interface before and behind the thickness by the side of the small layer of a band gap. In order not to receive 
dispersion by the impurity when an electron runs since this two dimensional electron gas turns on a small band gap side, the mobility of 
the electron of superlattice becomes high and resistivity falls. In addition, it is guessed that the modulation dope by the side of p is 
similarly depended on the effect of 2-dimensional electron hole gas. Moreover, in the case of p layers, as compared with GaN. resistivity 
of AIGaN is high. Then, when a component is produced since the substantial resistivity of a superlattice layer falls in order for resistivity 
to fall to the direction of AIGaN by doping many p mold impurities, it is guessed that it is in the inclination for a threshold to fall. 
[0046] On the other hand, when an impurity is doped in the small nitride semi-conductor layer of bandgap energy at high concentration, 
it is guessed that there are the following operations. For example, when Mg is doped with tales doses in an AIGaN layer and a GaN layer, 
the depth of the acceptor level of Mg is large and the rate of activation is small in an AIGaN layer. On the other hand, the depth of the 
acceptor level of a GaN layer is shallow compared with an AIGaN layer, and the rate of activation of Mg is high. For example, even if it 
dopes Mg 1x1020-/cm3, by AIGaN. only about three 1x1017-/cm carrier concentration is obtained to being about three 1x1018-/cm 
carrier concentration in GaN. So, in this invention, the superlattice of high carrier concentration is obtained by considering as 
superlattice by AIGaN/GaN and doping many impurities to the direction which is the GaN layer from which high carrier concentration is 
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obtained. And since it is considering as superlattice, in order that a carrier may move an AIGaN layer with little high impurity 
concentration by the tunnel effect, substantially, a carrier does not receive an operation of an AIGaN layer but an AIGaN layer acts as a 
high cladding layer of bandgap energy. Therefore, even if it dopes many impurities in the nitride semi-conductor layer of the one where 
bandgap energy is small, it is very effective when reducing the threshold of a laser component and an LED component. In addition, 
although this explanation explained the example which forms superlattice in p type layer side, when forming superlattice in a n layer side, 
there is same effectiveness. 

[0047] the case where bandgap energy dopes many n mold impurities in the 1st large nitride semi-conductor layer — as the desirable 
amount of dopes to the 1st nitride semi-conductor layer — three to 1x1020/cm3 of 1x101 7-/cm — it adjusts to the range of three to 
5x1019/cm3 of 1x1018-/cm still more preferably. When fewer than 1x1017-/cm3, a difference with the 2nd nitride semi-conductor layer 
decreases, and it is in the inclination for a layer with large carrier concentration to be hard to be obtained, and when [ than 1x1020- 
/cm3 ] more, it is in the inclination for the leakage current of the component itself to tend to increase. On the other hand, 1/10 or more 
little more desirable one of n mold high impurity concentration of the 2nd nitride semi-conductor layer is [ that what is necessary is just 
fewer than the 1 st nitride semi-conductor layer ] desirable. If it is undoping most preferably, a layer with the highest mobility will be 
obtained, but since thickness is thin, there is an n mold impurity diffused from a 1st nitride semi-conductor side, and the amount has 
three or less desirable 1x1019-/cm. as n mold impurity — the [, such as Si, germanium, Se, S, and O. / periodic table ] — an IVB group 
and a VIB group element are chosen and let Si, germanium, and S be n mold impurities preferably. This operation is also the same as 
when bandgap energy dopes n mold impurity few in the 1st large nitride semi-conductor layer and dopes many n mold impurities in the 
2nd nitride semi-conductor layer with small bandgap energy. 

[0048] Moreover, with the laser component of the gestalt of operation of this invention, it has the p side cladding layer 17 of the 
superstructure from which it comes to carry out the laminating of the 3rd nitride semi-conductor layer with big bandgap energy, and the 
4th nitride semi-conductor layer with bandgap energy smaller than the 3rd nitride semi-conductor layer to the location left with the 
barrier layer 14 in the p side nitride semi-conductor layer in the upper part of a barrier layer 14 shown in drawing 1 , and mutual high 
impurity concentration differs. 100A or less of 70A or less of thickness of the 3rd and 4th nitride semi-conductor layer which 
constitutes the superlattice layer of this p side cladding layer 17 as well as the n side cladding layer 12 is most preferably adjusted to 
10-40A thickness still more preferably. Similarly, as for the 3rd nitride semi-conductor layer, it is desirable the nitride semi-conductor 
which contains aluminum at least, and to grow up AIXGa1-XN (0< X<=1) preferably, and. as for the 4th nitride semi-conductor, it is 
desirable to grow up mixed crystal and the nitride semi-conductor of 3 yuan mixed crystal of 2 yuan like [ it is desirable and ] AlYGal- 
YN (0<=Y<1. X>Y) and InZGa1-ZN (0<=2<=1). 

[0049] Although the superstructure of the operation given to a laser component is the same as that of an operation of the n side 
cladding layer 12 if the p side cladding layer 17 is made into a superstructure, in addition to the case where it forms in a n more layer 
side, there are the following operations. That is, compared with n mold nitride semi-conductor, resistivity is usually high [ p mold nitride 
semi-conductor ] double or more figures. Therefore, by forming a superlattice layer in a p layer side, the effectiveness which makes 
threshold voltage low shows up notably. If it explains in detail, it is known that a nitride semi-conductor is a semi-conductor with which 
p mold crystal is very hard to be obtained. In order to obtain p mold crystal, annealing of the nitride semi-conductor layer which doped p 
mold impurity is carried out, and the technique of removing hydrogen is known (patent No. 2540791). However, even if it says that p 
mold was obtained, the several or more ohm-cm resistivity exists. Then, since crystallinity becomes good and resistivity falls single or 
more figures by using this p type layer as a superlattice layer, threshold voltage can be made low. 

[0050] p mold high impurity concentration of the 3rd nitride semi-conductor layer of the p side cladding layer 17 and the 4th nitride 
semi-conductor layer differs, it is large in the high impurity concentration of one layer, and high impurity concentration of another layer 
is made small. If p mold high impurity concentration in the direction of the 3rd nitride semi-conductor layer with big bandgap energy is 
enlarged, it is small and 4th p mold high impurity concentration with small bandgap energy is undoping preferably like the n side cladding 
layer 12, threshold voltage, Vf, etc. can be reduced. Moreover, the reverse configuration is also possible. That is. p mold high impurity 
concentration of the 3rd nitride semi-conductor layer with big bandgap energy may be made small, and p mold high impurity 
concentration of the 4th nitride semi-conductor layer with small bandgap energy may be enlarged. A reason is as having stated 
previously. 

[0051] as the desirable amount of dopes to the 3rd nitride semi-conductor layer — three to 1x1021/cm3 of 1x1018-/cm — it adjusts 
to the range of three to 5x1020/cm3 of 1x1019-/cm still more preferably. When fewer than 1x1018-/cm3. a difference with the 4th 
nitride semi-conductor layer decreases similarly, and it is in the inclination for a layer with large carrier concentration to be hard to be 
obtained similarly, and when [ than 1x1021-/cm3 ] more, it is in the inclination for crystallinity to worsen. On the other hand. 1/10 or 
more little more desirable one of p mold high impurity concentration of the 4th nitride semi-conductor layer is [ that what is necessary 
is just fewer than the 3rd nitride semi-conductor layer ] desirable. In order to obtain a layer with the highest mobility, considering as 
undoping is most desirable. Actually, since thickness is thin, it is thought that there is a p mold impurity diffused from a 3rd nitride semi- 
conductor side, but in order to obtain a good result in the invention in this application, the amount has three or less desirable 1x1020- 
/cm. in addition — as p mold impurity — the [, such as Mg, Zn, calcium, and Be, / periodic table ] — an HA group and an IIB group 
element are chosen and let Mg, calcium, etc. be p mold impurities preferably. This operation is also the same as when bandgap energy 
dopes p mold impurity few in the 3rd large nitride semi-conductor layer and dopes many p mold impurities in the 4th nitride semi- 
conductor layer with small bandgap energy. 

[0052] In the nitride semi-conductor layer which constitutes superlattice further again, the layer in which an impurity is doped by high 
concentration The high impurity concentration of a semi-conductor layer center section (location distant from the 2nd nitride semi- 
conductor layer or the 4th nitride semi-conductor layer) is large to the thickness direction respectively. The thing with the small (it 
undopes preferably) high impurity concentration near the both ends (part close to the 2nd nitride semi-conductor layer or the 4th 
nitride semi-conductor layer) made like is desirable. Although an electron is taken out to a conduction band as a donor since AIGaN has 
doped Si when are explained concretely and a superlattice layer is formed in AIGaN which doped Si. for example as an n mold impurity, 
and the GaN layer of undoping, an electron falls to the conduction band of GaN with low potential. Since the donor impurity is not doped 
during a GaN crystal, dispersion of the carrier by the impurity is not received. Therefore, an electron can move easily in a GaN crystal 
and the mobility of a substantial electron b ecomes high. This is similar with the effectiveness of the two dimensional electron gas 
mentioned above, the substantial mobility of an electronic longitudinal direction becomes high, and resistivity becomes small. 
Furthermore, in large AIGaN of bandgap energy, if n mold impurity is doped to the central field comparatively distant from the GaN layer 
at high concentration, effectiveness will be made still more greatly. That is. the electron which passes the part near an AIGaN layer 
among the electrons which move in the inside of GaN receives somewhat dispersion of n mold impurity ion (Si in this case) in the part 
close to the GaN layer in an AIGaN layer. However, if the part close to a GaN layer is undoping, since the electron which passes the 
part near an AIGaN layer will stop being able to receive dispersion of Si easily in an AIGaN layer as mentioned above, the mobility of an 
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undoping GaN layer improves further. Although operations differ a little, it is desirable for there to be effectiveness which was similar 
also when superlattioe was constituted from the 3rd near p layer nitride semi-conductor layer and the 4th nitride semi-conductor layer, 
and to dope many p mold impurities to the center-section field of the 3rd nitride semi-conductor layer where bandgap energy is large, 
and to lessen the part close to the 4th nitride semi-conductor layer, or to consider as undoping. Although the layer which, on the other 
hand, doped many n mold impurities in the small nitride semi-conductor layer of bandgap energy can also be considered as the 
configuration of said high impurity concentration, in the superlattioe which doped many impurities to the small one of bandgap energy, 
the effectiveness is in few inclinations. 

[0053] As mentioned above, although it explained using the n side cladding layer 12 and the p side cladding layer 17 as a superlattioe 
layer, in addition to this in this invention, a superlattioe layer can make a superstructure the n side buffer layer 11 as a contact layer, 
the n side lightguide layer 13, the p side cap layer 15, the p side lightguide layer 16, and p side contact layer 18 grade. That is. it can 
consider as a superlattioe layer in the layer which is separated from a barrier layer, the layer which touched the barrier layer, and every 
layer. If the n side buffer layer 11 in which especially n electrode is formed is used as superlattioe, effectiveness similar to said HEMT 
will tend to show up. 

[0054] Furthermore, in the laser component of the operation gestalt of this invention, as shown in drawing 1 , the n side lightguide layer 
13 in which impurity (n mold impurity in this case) concentration was adjusted to three or less 1x1019-/cm is formed between the n 
side cladding layers 12 and barrier layers 14 which consist of a superlattioe layer. In this invention, although n mold impurity may spread 
and enter from other layers also as undoping, if this n side lightguide layer 13 is the three or less 1x101 9-/cm amount of dopes, it will 
operate as a lightguide layer and will not spoil the effectiveness of the invention in this application. However, in this invention, as for the 
high impurity concentration of the n side lightguide layer 13, it is desirable that it is three or less 1x1018-/cm, it is still more desirable 
that it is three or less 1x1017-/cm, and it is most desirable that it is undoping. Moreover, as for this n side lightguide layer, it is 
desirable to constitute from a nitride semi-conductor containing In or GaN. 

[0055] Moreover, in the laser component of an operation gestalt, the p side lightguide layer 16 in which impurity (p mold impurity in this 
case) concentration was adjusted to three or less 1x1019-/cm is formed between the p side cladding layers 17 and barrier layers 14 
which consist of a superlattioe layer. In this invention, although the high impurity concentration of the p side guide layer 1 6 should just 
be three or less 1x1019-/cm, desirable high impurity concentration is three or less 1x101 8-/cm, and is most preferably considered as 
undoping. Although the conductivity of n mold is usually shown when it is undoping in the case of a nitride semi-conductor, any of n or p 
are sufficient as this invention, and it calls the conductivity type of this p side guide layer 16 the p side lightguide layer irrespective of a 
conductivity type in this specification. Moreover, in fact, p mold impurity is spread from other layers, and it may go into this p side 
lightguide layer 16. In addition, it is desirable to also constitute this p side lightguide layer from a nitride semi-conductor containing In or 
GaN. 

[0056] It is as follows a make [ the nitride semi-conductor of undoping / to exist between a barrier layer and a cladding layer ] why is 
desirable. That is, in the case of a nitride semi-conductor, 360-520nm especially of luminescence of a barrier layer is usually designed 
for the purpose of 380~450nm. The nitride semi-conductor of undoping has the low rate of the absorption of light which has said 
wavelength as compared with the nitride semi-conductor which doped n mold impurity and p mold impurity. Therefore, since it is rare to 
carry out extinction of the luminescence of a barrier layer by inserting the nitride semi-conductor of undoping between the barrier layer 
which emits light, and the cladding layer as an optical confinement layer, the laser component oscillated by low interest profit can be 
realized, and threshold voltage can be made low. In addition, the high impurity concentration of a lightguide layer can check this 
effectiveness, if it is three or less 1x1019-/cm. 

[0057] Therefore, as a desirable combination of this invention, it has the cladding layer which has the superstructure by which the 
modulation dope of the impurity was carried out in the barrier layer and the distant location, and high impurity concentration is the low 
light emitting device which has the guide layer of undoping preferably between the cladding layer and barrier layer. 
[0058] As a still more desirable mode, by the light emitting device of this invention, the p side cap layer 15 which consists of a nitride 
semi-conductor of 0.1 micrometers or less of thickness which has larger bandgap energy than the bandgap energy of well layer [ of a 
barrier layer] and p side guide layer 16 interface is formed between the p side guide layer 16 and the barrier layer 14, and the high 
impurity concentration of the p side cap layer is adjusted to three or more 1x1018-/cm. 0.1 micrometers or less of 500A or less of 
thickness of this p mold cap layer 15 are most preferably adjusted to 300A or less still more preferably. It is because a crack becomes 
easy to enter into p mold cap layer 15 and a crystalline good nitride semi-conductor layer cannot grow easily, if it is made to grow up by 
thickness thicker than 0.1 micrometers. Thus, when bandgap energy touches a barrier layer and forms a big layer with a thin film 0.1 
micrometers or less, it is in the inclination whose leakage current of a light emitting device decreases. Since it collects in a barrier layer 
and the probability of the recombination of an electron and an electron hole becomes high with the obstruction of the energy barrier of 
a cap layer, the electron poured in from the n layer side by this can raise the output of the component itself. Moreover, it is necessary 
to adjust high impurity concentration to three or more 1x1018-/cm. This cap layer is a layer with comparatively high aluminum mixed- 
crystal ratio, and the high layer of aluminum mixed-crystal ratio tends to become high resistance, for this reason — if carrier 
concentration is made high and resistivity is not lowered by doping an impurity — this layer — high — it is because it is in the 
inclination to become like i layers [ **** ], to become p-i-n structure, and for a current potential property to worsen. In addition, the 
cap layer in this p side may be formed in the n side. When forming in the n side, even if it dopes n mold impurity, it is not necessary to 
carry out. 

[0059] Since the laser component of the operation gestalt constituted as mentioned above constitutes the n side cladding layer 1 2 and 
the p side cladding layer 17 from a superstructure, it can make low the electric resistance of the n side cladding layer 12 and the p side 
cladding layer 17, and can make threshold voltage low, and. moreover, the laser oscillation of long duration is possible for it. Moreover, 
with the laser component of this operation gestalt. also besides constituting the n side cladding layer 12 and the p side cladding layer 17 
from a superstructure, as mentioned above, various means are provided, and reduction of the further threshold voltage is enabled. 
[0060] Although the n side cladding layer 12 and the p side cladding layer 17 were made into the superstructure with the above 
operation gestalt, this invention is good also considering either not only of this but the n side cladding layers 12 and the p side cladding 
layers 17 as a superstructure. Even if it makes it be above, threshold voltage can be made low as compared with the conventional 
example. 

[0061] Moreover, although the n side cladding layer 12 and the p side cladding layer 17 were made into the superstructure with the 
operation gestalt. as for this invention, any one or more of the nitride semi-conductor layers by the side of p not only this but other 
than n side cladding layer 12 and p side, cladding layer 17 and n should just be a superstructure. Even if constituted as mentioned above, 
threshold voltage can be made low as compared with the conventional example. 

[0062] Although the n side cladding layer 12 and the p side cladding layer 17 were made into the superstructure in the laser component 
with the above operation gestalt. it cannot be overemphasized that this invention is applicable to other nitride semiconductor devices. 
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such as not only this but light emitting diode (LED). By constituting as mentioned above, Vf (forward voltage) can be lowered with light 

emitting diode. 

[0063] 

[Example] Hereafter, the example of this invention is explained in full detail based on drawing 1 and drawing 2 . Drawing 2 is the 
perspective view showing the configuration of the laser component of drawing 1 . 

[0064] The GaN substrate 10 into which the single crystal which consists of GaN through the buffer layer which consists of GaN on the 
substrate which consists of [example 1] sapphire (C side) was grown up by 50-micrometer thickness is prepared. This GaN substrate 10 
is set in a reaction container, temperature is raised to 1050 degrees C, hydrogen is used for carrier gas, silane gas is used for material 
gas as ammonia, TMG (trimethylgallium), and impurity gas, and the n side buffer layer 11 which consists of GaN which doped Si 1x1018- 
/cm3 on the GaN substrate 10 is grown up by 4-micrometer thickness. This buffer layer acts also as a contact layer for forming n 
electrode, when the light emitting device of structure like drawing 1 is produced. Furthermore, this n side buffer layer is a buffer layer 
grown up at an elevated temperature, for example, the buffer layer which grows up GaN. AIN, etc. directly by thickness 0.5 micrometers 
or less in low temperature 900 degrees C or less on the substrate which consists of sapphire, SiC, and a different ingredient from a 
nitride semi-conductor object like a spinel is distinguished. 

[0065] (n side cladding layer 12= superlattice layer) Then, the 1st layer which consists of n mold aluminum0.2Ga0.8N which doped Si 
1x1019-/cm3 using TMA (trimethylaluminum), TMG, ammonia, and silane gas at 1050 degrees C is grown up by 40A thickness, and the 
2nd layer which consists silane gas and TMA of GaN of a stop and undoping continuously is grown up by 40A thickness, and 1st layer + 
2nd layer + 1st layer + 2nd layer + ... as — a superlattice layer is constituted, the laminating of every 100 layers is carried out by turns, 
respectively, and the n side cladding layer 12 which consists of superlattice of the 0.8 micrometers of the total thickness is grown up. 
[0066] (n side lightguide layer 13) Then, the n side lightguide layer 13 which consists silane gas of undoping GaN at a stop and 1050 
degrees C is grown up by 0.1 -micrometer thickness. As for this n side lightguide layer, it is desirable to act as a lightguide layer of a 
barrier layer and to grow up GaN and InGaN. and it is usually desirable to make it grow up by 200A - 1 micrometer thickness still more 
preferably 100A - 5 micrometers. Moreover, it can also consider as the superlattice layer of undoping of this layer. In considering as a 
superlattice layer, bandgap energy is larger than a barrier layer, and it makes it smaller than aluminum0.2Ga0.8N of the n side cladding 
layer. 

[0067] (Barrier layer 14) Next, TMG, TMI, and ammonia are used for material gas, and a barrier layer 14 is grown up. A barrier layer 14 
holds temperature at 800 degrees C, and grows up the well layer which consists of undoping In0.2GaO.8N by 25A thickness. Next, the 
barrier layer which consists of undoping In0.01 Ga0.95N at the same temperature only by changing the mole ratio of TMI is grown up by 
50A thickness. This actuation is repeated twice and the barrier layer of the multiplex quantum well structure (MQW) of the 175A of the 
total thickness which carried out the laminating of the well layer to the last is grown up. Undoping is sufficient as a barrier layer like this 
example, and it may dope n mold impurity and/or p mold impurity. An impurity may be doped to both a well layer and a barrier layer, and 
may be doped to either. 

[0068] (p side cap layer 15) Next, temperature is raised to 1050 degrees C and the p side cap layer 17 which consists of p mold 
aluminum0.3Ga0.7N with larger bandgap energy which doped Mg 1x1020-/cm3 than the p side lightguide layer 16 is grown up by 300A 
thickness using TMG. TMA, ammonia, and Cp2Mg (magnesium cyclopentadienyl). It is desirable to form by thickness 10A or more, 
although it forms in Atsu 0.1 micrometers or less to roll and especially the minimum of thickness is not limited as this p mold cap layer 
15 was described above. 

[0069] (p side lightguide layer 16) continuing — Cp2 — the p side lightguide layer 16 which bandgap energy becomes from the undoping 
GaN smaller than the p side cap layer 15 at a stop and 1050 degrees C about Mg and TMA is grown up by 0.1 -micrometer thickness. As 
for this layer, it is desirable to act as a lightguide layer of a barrier layer and to make it grow up by GaN and InGaN as well as n mold 
lightguide layer 13. In addition, it can also consider as the superlattice layer which consists of a nitride semi-conductor of undoping of 
this p side lightguide layer, and a nitride semi-conductor which doped the impurity. In considering as a superlattice layer, bandgap energy 
is larger than the well layer of a barrier layer, and it makes it smaller than aluminum0.2Ga0.8N of the p side cladding layer. 
[0070] (p side cladding layer 17) Then, the 3rd layer which consists of p mold aluminum0.2Ga0.8N which doped Mg 1x1020-/cm3 at 1050 
degrees C is grown up by 40A thickness, and the 4th layer which consists only TMA of a stop and undoping GaN continuously is grown 
up by 40A thickness. And this actuation is repeated 100 times, respectively and the p side cladding layer 17 which consists of a 
superlattice layer of the 0.8 micrometers of the total thickness is formed. 

[0071] (p side contact layer 18) The p side contact layer 18 which finally consists of a p mold GaN which doped Mg 2x1020-/cm3 on 
the p side cladding layer 17 at 1050 degrees C is grown up by 150A thickness. The p side contact layer 18 can be constituted from 
InXAIYGa1-X-YN (0 <=X, 0<=Y, X+Y<=1) of p mold, and GaN which doped Mg preferably, then the p electrode 21 and the most desirable 
ohmic contact are acquired. Moreover, since the p side cladding layer 17 of the superstructure containing p mold AIYGa1-YN is touched 
and the thickness is made thin with 500A or less by using the small nitride semi-conductor of bandgap energy as the p side contact 
layer, the carrier concentration of the p side contact layer 18 becomes high substantially, p electrode and desirable OMIKKU are 
obtained, and the threshold current of a component and an electrical potential difference fall. 

[0072] Annealing is performed for the wafer into which the nitride semi-conductor was grown up as mentioned above at 700 degrees C 
among nitrogen-gas-atmosphere mind in a reaction container, and the layer which doped p mold impurity is made to form into low 
resistance further. 

[0073] As a wafer is picked out from a reaction container after annealing and it is shown in drawing 1 , the p side contact layer 18 of the 
maximum upper layer and the p side cladding layer 17 are etched with an RIE system, and it considers as the ridge configuration which 
has stripe width of face of 4 micrometers. Thus, by making the layer above a barrier layer into a stripe-like ridge configuration, 
luminescence of a barrier layer comes to concentrate on the bottom of a stripe ridge, and a threshold falls. It is desirable to make into a 
ridge configuration the 17 or more p side cladding layers layer which consists especially of a superlattice layer. 

[0074] Next, a mask is formed in a ridge front face, it etches in RIE. and the front face of the n side buffer layer 1 1 is exposed. This 
exposed n side buffer layer 11 acts also as a contact layer for forming the n electrode 23. In addition, although the n side buffer layer 1 1 
is used as the contact layer in drawing 1 , even the GaN substrate 10 can etch and the exposed GaN substrate 10 can also be used as 
a contact layer. 

[0075] Next, the p electrode 21 which consists of nickel and Au is formed in the ridge outermost surface of the p side contact layer 18 
in the shape of a stripe. As an ingredient of the p electrode 21 with which the p side contact layer and desirable OMIKKU are obtained, 
nickel, Pt, Pd. nickel/Au, Pt/Au. Pd/Au. etc. can be mentioned, for example. 

[0076] It forms in the front face of the n side buffer layer 1 1 to which the point, on the other hand, exposed the n electrode 23 which 
consists of Ti and aluminum in the shape of a stripe. As an ingredient of the n electrode 23 with which the n side buffer layer 1 1 or the 
GaN substrate 10, and desirable OMIKKU are obtained, a metal or alloys, such as aluminum, Ti, W, Cu, Zn, Sn, and In, are desirable. 
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[0077] Next, as shown in drawing 1 , the insulator layer 25 which consists of Si02 is formed in the front face of the nitride semi- 
conductor layer exposed between the p electrode 21 and the n electrode 23, and p pad electrode 22 electrically connected with the p 
electrode 21 through this insulator layer 25 and n pad electrode 24 are formed. This p pad electrode 22 extends the surface area of the 
substantial p electrode 21, and has wire bonding and the operation which can be made to carry out die bonding in p electrode side. On 
the other hand, n pad electrode 24 has the operation which prevents peeling of the n electrode 23. 

[0078] The wafer which formed n electrode and p electrode as mentioned above is transported to polish equipment, the silicon on 
sapphire of the side which does not form the nitride semi-conductor is wrapped using a diamond abrasive material, and thickness of 
silicon on sapphire is set to 70 micrometers. After wrapping, it polishes 1 micrometer by the still finer abrasive material, a substrate 
front face is made into the shape of a mirror plane, and metallizing of the whole surface is carried out by Au/Sn. 

[0079] Then, the scribe of the Au/Sn side is carried out, cleavage is carried out to the shape of a bar in a direction perpendicular to a 
stripe-iike electrode, and a resonator is produced to a cleavage plane. The dielectric multilayers which consist of Si02 and Ti02 were 
formed in the resonator side, and finally, in the direction parallel to p electrode, the bar was cut and it considered as the laser chip. 
Next, when the chip was installed in the heat sink by face up (condition which the substrate and the heat sink countered), wire bonding 
of each electrode was carried out and laser oscillation was tried at the room temperature, in the room temperature, by threshold- 
current consistency 2.0 kA/cm2 and threshold voltage 4.0V, continuous oscillation with an oscillation wavelength of 405nm was 
checked, and the life of 1000 hours or more was shown. 

[0080] [Example 2] drawing 3 is the typical sectional view showing the structure of the laser component concerning other examples of 
this invention, and shows drawing at the time of cutting a component in the direction [ same with drawing 1 ] perpendicular to the 
resonance direction of a laser beam. An example 2 is explained below based on this drawing. In addition, in drawing 3 , the same sign is 
attached and shown in the same thing as drawing 1 and drawing 2 . 

[0081] The GaN substrate 10 into which the single crystal which consists of GaN which doped Si 5x1018-/cm3 through the buffer layer 
which consists of GaN on the substrate which consists of sapphire (C side) was grown up by 150-micrometer thickness is prepared. 
The n side buffer layer 1 1 is grown up like an example 1 on this GaN substrate 10. 

[0082] (Crack prevention layer 19) Temperature is made into 800 degrees C after n side buffer layer 11 growth, silane gas is used for 
material gas at TMG, TMI, ammonia, and impurity gas, and the crack prevention layer 19 which consists of In0.1Ga0.9N which doped Si 
5x101 8-/cm3 is grown up by 500A thickness. This crack prevention layer 19 can prevent that a crack enters into the nitride semi- 
conductor layer containing aluminum the nitride semi-conductor of n mold containing In. and by making it grow up by InGaN preferably. 
In addition, as for this crack prevention layer, it is desirable to make it grow up by thickness (100A or more and 0.5 micrometers or less). 
If thinner than 100A. it will be hard to act as crack prevention as mentioned above, and when thicker than 0.5 micrometers, it is in the 
inclination for the crystal itself to be discolored in black. 

[0083] The n side cladding layer 12 which consists of superlattice by which the modulation dope was carried out like an example 1 after 
crack prevention layer 19 growth, and the undoping n side lightguide layer 13 are grown up. 

[0084] (n side cap layer 20) The n side cap layer 20 which consists of n mold aluminumO.3GaO.7N which continued and doped Si with 
larger bandgap energy than the n side lightguide layer 13 5x1018-/cm3 using TMG. TMA, ammonia, and silane gas is grown up by 300A 
thickness. 

[0085] The rest grows up a barrier layer 14. the p side cap layer 15. the undoping p side lightguide layer 16, the p side cladding layer 17 

that consists of superlattice by which the modulation dope was carried out, and the p side contact layer 18 like an example 1. 

[0086] After nitride semi-conductor layer growth, the layer which doped p mold impurity is made to form into low resistance further, and 

as shown in drawing 3 . the p side contact layer 18 of the maximum upper layer and the p side cladding layer 17 are etched, and 

annealing is performed similarly and it considers as the ridge configuration which has stripe width of face of 4 micrometers after 

annealing. 

[0087] The p electrode 21 which consists of nickel/ Au is formed in the ridge outermost surface of the p side contact layer 18 in the 
shape of a stripe after ridge formation, the insulator layer 25 which becomes that of the nitride semi-conductor layer of the outermost 
surfaces other than p electrode 21 from Si02 is formed, and p pad electrode 22 electrically connected with the p electrode 21 through 
this insulator layer 25 is formed. ... 

[0088] The wafer which formed p electrode as mentioned above is transported to polish equipment, polish removes silicon on sapphire, 
and the front face of the GaN substrate 10 is exposed. The n electrode 23 of the exposed GaN substrate front face which becomes the 
whole surface from Ti/aluminum is formed mostly. 

[0089] Cleavage is carried out by the Mth page (field which is equivalent to the side face of a hexagonal prism when a nitride semi- 
conductor is approximated with hexagonal system) of the GaN substrate after electrode formation, and the dielectric multilayers which 
become the cleavage plane from Si02 and Ti02 are formed, and finally, in a direction parallel to p electrode, a bar is cut and it considers 
as a laser component. This laser component showed continuous oscillation in the room temperature similarly, and showed the property 
almost equivalent to an example 1 . 

[0090] In the [example 3] example 1, the crack prevention layer 19 is grown up like an example 2 after n side buffer layer 11 growth. 
Next, the n side cladding layer 12 which consists only of an aluminum0.3Ga0.7N layer monolayer which doped Si 1x101 9-/cm3 on the 
crack prevention layer is grown up by 0.4-micrometer thickness. Like the example 1, although the rest similarly showed laser oscillation 
at the room temperature when the laser component was produced, the life became short a little rather than the laser component of an 
example 1. 

[0091] In the [example 4] example 1. although the room temperature similarly showed laser oscillation when the aluminumO.3GaO.7N 
layer monolayer which doped Mg 1x1020-/cm3 at the time of p side cladding layer 17 growth was grown up by 0.4-micrometer thickness 
and also the laser component was produced like the example 1, the life became short a little rather than the laser component of an 
example 1. 

[0092] In the [example 5] example 1. it may be aluminum0.2Ga0.8N layer 0.4micrometer which doped Si 1x1018-/cm3, without making 
the n side cladding layer 12 into a superstructure. Moreover, similarly the p side cladding layer is not made into a superstructure, but it 
may be aluminum0.2Ga0.8N layer 0.4micrometer which doped Mg 1x1020-/cm3. Instead, the n side lightguide layer 13 Undoping 
InO.01GaO.99N layer 30 A, It considers as the superstructure of the 0.12 micrometers of the total thickness which carried out the 
laminating of the 30A of the GaN layers which doped Si 1x1017-/cm3. The p side lightguide layer 16 Undoping InO.O1Ga0.99N layer 30 A, 
Although the room temperature similarly showed laser oscillation when it considered as the superstructure of the 0.12 micrometers of 
the total thickness which carried out the laminating of the 30A of the GaN layers which doped Mg 1x1017-/cm3 and also the laser 
component was produced like the example 1 The fife became short a little rather than the laser component of an example 1. 
[0093] In the [example 6] example 1, in case you form the n side buffer layer 11. let the aluminumO.05GaO.95N layer which doped 30A 
and Si for the undoping GaN layer 1x1019-/cm3 be the superlattice layer of the 1.2 micrometers of the total thickness which carried 
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out the laminating of the 30A. Like an example 1 , the rest grows up the upper layer from the n side cladding layer 12, and let it be a 
laser component. However, in case n electrode is formed, the field exposed by etching is made into the middle of the 1 .2-micrometer 
above-mentioned superlattice layer, and forms n electrode in the superlattice layer. In the room temperature, continuous oscillation also 
of this laser component was carried out similarly, the threshold fell a little as compared with the thing of an example 1, and the life was 
1000 hours or more. 

[0094] [Example 7] drawing 4 is the typical sectional view showing the structure of the laser component concerning other examples of 
this invention, and the same sign as other drawings shows the same layer. Hereafter, an example 7 is explained based on this drawing. 
[0095] As well as an example 1, on the silicon on sapphire 30 which makes 2inchphi and C (0001) side a principal plane, at 500 degrees 
C, after growing up the buffer layer (not shown) which consists of GaN by 200A thickness, temperature is made into 1050 degrees C 
and the undoping GaN layer 31 is grown up by 5-micrometer thickness. In addition, as for this thickness to grow up, it is desirable for it 
not to be limited to 5 micrometers, to make it grow up by thickness thicker than a buffer layer, and to adjust to thickness 10 
micrometers or less. A substrate can use the substrate which consists of a different ingredient from the nitride semi-conductor known 
in order to grow up nitride semi-conductors, such as SiC and ZnO besides sapphire, a spinel, and GaAs. 

[0096] Next, a wafer is picked out from a reaction container after this undoping GaN layer 31 growth, a stripe-like photo mask is formed 
in the front face of this GaN layer 31, and the protective coat 32 which consists of Si02 with a stripe width of face [ of 20 
micrometers ] and a stripe spacing (window part) of 5 micrometers with a CVD system is formed by 0.1 -micrometer thickness. Drawing 
4 is the type section Fig. showing the structure of the partial wafer at the time of cutting in a direction perpendicular to the direction of 
a major axis of a stripe, as the configuration of a protective coat — the shape of the shape of a stripe, and a dot, and ** in a grid 
pattern — although what kind of configuration is sufficient, the direction which makes area of a protective coat larger than the exposed 
part of the undoping GaN layer 31 , i.e., the part in which the protective coat is not formed, (window part) is easy to grow up the GaN 
substrate 10 with few crystal defects. As an ingredient of a protective coat, the metal which has the melting point of 1200 degrees C or 
more besides oxides, such as silicon oxide (SiOX), silicon nitride (SiXNY), titanium oxide (TiOX). and a zirconium dioxide (ZrOX), nitrides, 
and these multilayers, for example can be used. These protective coat ingredients also bear temperature with a growth temperature [ of 
a nitride semi-conductor ] of 600 degrees C - 1 100 degrees C, and it has the property for a nitride semi-conductor not to grow up to 
be the front face, or to be hard to grow up. 

[0097] A wafer is again set in a reaction container after protective coat 32 formation, and the GaN layer used as the GaN substrate 10 
which consists of undoping GaN at 1050 degrees C is grown up into 10-micrometer thickness. Although the desirable growth thickness 
of a GaN layer to grow up changes also with the thickness of the protective coat 32 formed previously, and magnitude, as it grows up to 
be also a longitudinal direction (direction perpendicular to the thickness direction) in the protective coat upper part so that the front 
face of a protective coat 32 may be covered, it is grown up into sufficient thickness. Thus, on the front face of the protective coat 32 
which has the property in which a nitride semi-conductor cannot grow easily, if the GaN substrate 10 is grown up by the technique of 
growing up a GaN layer into a longitudinal direction, on a protective coat 32, a GaN layer will not grow at first, but selective growth of 
the GaN layer will be carried out on the undoping GaN layer 31 of a window part. Then, if growth of a GaN layer is continued, a GaN 
layer will grow up to be a longitudinal direction, and it is connected in the GaN layers which grew from the aperture which covered, and 
hung, went and adjoined on the protective coat 32, and will be in a condition as if the GaN layer grew on the protective coat 32. That is. 
a GaN layer is grown up in a longitudinal direction through a protective coat 32 on the GaN layer 31. Here, an important thing is the 
number of the crystal defect of the GaN layer 31 which is growing on the sapphire substrate 30, and crystal defects with the GaN 
substrate 10 which is growing on the protective coat 32. That is, to the nitride semi-conductor which grows on a different-species 
substrate, very many crystal defects occur by the mismatch of the lattice constant of a different-species substrate and a nitride semi- 
conductor, and this crystal defect is transmitted to a front face in under the nitride semi-conductor growth formed in the upper layer 
one by one. On the other hand, the GaN substrate 10 which grew in the longitudinal direction on the protective coat 32 like this example 
7 is not what grew directly on the different-species substrate, and since the GaN layer grown up from the adjoining aperture is 
connected during growth by growing up in a longitudinal direction on a protective coat 32. the number of crystal defects decreases very 
much compared with what grew directly from a different-species substrate. Therefore, as compared with the GaN substrate of an 
example 1 . a GaN substrate with few [ far ] crystal defects is obtained by forming the protective coat partially formed on the nitride 
semi-conductor layer which grew on the different-species substrate, and using as a substrate the GaN layer which comes to grow up in 
a longitudinal direction on the protective coat. Although there is a crystal defect of the undoping GaN layer 31 two or more 1010-/cm. 
the crystal defect of the GaN substrate 10 by the approach of this example 7 can actually be decreased in two or less 106-/cm. 
[0098] After forming the GaN substrate 10 as mentioned above, it is made to be the same as that of an example 1 on this GaN 
substrate. Si 1x1018-/cm3 The n side buffer layer which consists of doped GaN, After growing up the affair contact layer 11 by 5- 
micrometer thickness, the crack prevention layer 19 which consists of In0.1Ga0.9N which doped Si 5x1018-/cm3 like an example 2 is 
grown up by 500A thickness. In addition, the crack prevention layer 19 is also omissible. 

[0099] (The n side cladding layer 12 of the superstructure of high high impurity concentration [ center section ]) Next, the 2nd nitride 
semi-conductor layer with small bandgap energy is formed by growing up an undoping GaN layer by 20A thickness at 1050 degrees C 
using TMG and ammonia gas. Next, at this temperature, add TMA and a 5A undoping aluminumO.1GaO.9N layer is grown up. Silane gas is 
added. Si 1x1019-/cm3 Then, after growing up the doped aluminum0.1Ga0.9N layer by 20A thickness, By stopping Si and growing up an 
undoping aluminum0.1Ga0.9N layer by 5 mo re A thickness, the 1st nitride semi-conductor layer with a large thickness [ of bandgap 
energy ] of 30 micrometers is formed. Similarly hereafter, the 2nd nitride semi-conductor layer and the 1st nitride semi-conductor layer 
are repeated by turns, and are formed. In addition, in the example 7, a laminating is carried out so that the 2nd nitride semi-conductor 
layer and the 1st nitride semi-conductor layer may turn into 120 layers, respectively, and the n side cladding layer 12 which consists of 
a superstructure of 0.6-micrometer thickness is formed. 

[0100] Next, the n side lightguide layer 13, a barrier layer 14. the p side cap layer 15, and the p side lightguide layer 16 are grown up in 
order like an example 1 . 

[0101] (The p side cladding layer 17 of the superstructure of high high impurity concentration [ center section ]) Next, the 4th nitride 
semi-conductor layer with small bandgap energy is formed by growing up an undoping GaN layer by 20A thickness at 1050 degrees C 
using TMG and ammonia gas. Next, at this temperature, add TMA and a 5A undoping aluminum0.1Ga0.9N layer is grown up. Cp2Mg is 
added. Mg 1x1020- /cm3 Then, after growing up the doped aluminum0.1Ga0.9N layer by 20A thickness, By stopping Cp2Mg and growing 
up an undoping aluminum0.1Ga0.9N layer by 5 moreA thickness, the 3rd nitride semi-conductor layer with a large thickness [ of bandgap 
energy ] of 30 micrometers is formed. Similarly hereafter, the 4th nitride semi-conductor layer and the 3rd nitride semi-conductor layer 
are repeated by turns, and are formed. In addition, in the example 7, a laminating is carried out so that the 4th nitride semi-conductor 
layer and the 3rd nitride semi-conductor layer may turn into 120 layers, respectively, and the n side cladding layer 17 which consists of 
a superstructure of 0.6-micrometer thickness is formed. 
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[0102] And after picking out a wafer from a reaction container after growing up the p side contact layer 18 like an example 1 finally, and 
performing annealing, etching is performed and a 17 or more p side cladding layers layer is made into a stripe-like ridge configuration. 
[0103] Next, as shown in drawing 4 , it etches into bilateral symmetry to a ridge, and the n side buffer layer front face which should form 
the n electrode 23 is exposed, the n electrode 23 is formed, and, on the other hand, the p electrode 21 is formed also in the ridge 
outermost surface of the p side contact layer 18 in the shape of a stripe. When the rest produced the laser component like the example 
1. as compared with the thing of an example 1, it is a threshold, and fell about 10% on current density and an electrical potential 
difference, and the continuous-oscillation life with a wavelength of 405nm showed the life of 2000 hours or more. As for this, what is 
depended on the crystalline improvement in the nitride semi-conductor by having used what has a few crystal defect for the GaN 
substrate 10 is great. In addition, in drawing 4 , when growing up the GaN substrate 10 by thickness 80 micrometers or more, the 
different-species substrate 30 - a protective coat 32 can also be removed. 

[0104] In the [example 8] example 7, in case the n side cladding layer 12 is grown up, a center section is not made into high high 
impurity concentration, but the laminating of the 20A is carried out and the aluminum0.1Ga0.9N layer which doped 20A and Si for the 
usual undoping GaN layer 1x101 9-/cm3 is made into the superstructure of the 0.6 micrometers of the total thickness. 
[0105] Also in case the p side cladding layer 17 is grown up, an undoping GaN layer, without on the other hand making a center section 
into high high impurity concentration 20A, Although the threshold fell a little as compared with the thing of an example 7 when carried 
out the laminating of the 20A, and the aluminumO.1 Ga0.9N layer which doped Mg 1x1020-/cm3 was made into the superstructure of the 
0.6 micrometers of the total thickness and also the laser component was produced like the example 7 The life showed the 2000 almost 
same hours or more. 

[0106] In the [example 9] example 7. in case the n side cladding layer 12 is grown up, the laminating of the 25A is carried out for a 25A 
and undoping aluminumO.1GaO.9N layer by turns, and the GaN layer which doped Si 1x1019-/cm3 is made into the superstructure of the 
0.6 micrometers of the total thickness. On the other hand, when growing up the p side cladding layer 17, and carried out the laminating 
of the 25A for the 25A and undoping aluminumO.1GaO.9N layer by turns, and it made into the superstructure of the 0.6 micrometers of 
the total thickness the GaN layer which doped Mg 1x1020-/cm3 and also the laser component was produced as well as an example 7, 
the laser component which has a property almost equivalent to the thing of an example 7 and a life was obtained. 

[0107] In the [example 10] example 7, in case the n side cladding layer 12 is grown up, the laminating of the 25A is carried out by turns, 
and the aluminumO.1GaO.9N layer which doped 25A and Si for the GaN layer which doped Si 1x1019-/cm3 1x1017-/cm3 is made into 
the superstructure of the 0.6 micrometers of the total thickness. Also in case the p side cladding layer 17 is grown up, the GaN layer 
which doped Mg 1x1020-/cm3 on the other hand 25A, The laminating of the 25A is carried out for the aluminumO.1GaO.9N layer which 
doped Mg 1x1018-/cm3 by turns. When it considered as the superstructure of the 0.6 micrometers of the total thickness and also the 
laser component was produced like the example 7, the laser component which has a property almost equivalent to the thing of an 
example 7 and a life was obtained. 

[0108] In the [example 11] example 7, the aluminumO.1 Ga0.9N layer which doped Si 1x1019-/cm3 is grown up by 0.6-micrometer 
thickness, without making the n side cladding layer into a superstructure. On the other hand, in case the p side cladding layer 17 is 
grown up The GaN layer which doped Mg 1x1020-/cm3 25A, The laminating of the 25A is carried out for the aluminumO.1GaO.9N layer 
doped 1x101 8-/cm3 by turns. When it considered as the superstructure of the 0.6 micrometers of the total thickness and also the laser 
component was produced like the example 7, although the threshold rose a little as compared with the example 7. similarly the life of 
1000 hours or more was shown. 

[0109] It is the usual modulation dope (a center section is not high concentration) about high impurity concentration [ in / on the 
[example 12] example 7 and / the superiattice of the n side cladding layer and the p side cladding layer]. In case it considers as 
homogeneity mostly in a layer and the n side buffer layer 11 is grown up, Si 1x1019-/cm3 The doped aluminumO.O5Ga0.95N layer 50 A. 
When grew up 50A of undoping GaN layers by turns, and they were used as the superiattice layer of the 2 micrometers of the total 
thickness and also the laser component was produced like the example 7, as compared with the thing of an example 7, the threshold fell 
a little and. as for the life. 3000 hours or more were shown. 

[0110] In the [example 13] example 7, it considers as the superstructure of the 0.6 micrometers of the total thickness which carried out 
the laminating of the aluminum0.1Ga0.9N layer 20 A which doped 20A of undoping GaN layers, and Si for the n side cladding layer 12 
Ix1019-/cm3. 25A of GaN layers which doped Si for the following n side lightguide layer 13 1x101 9-/cm3, and undoping 
aluminum0.05Ga0.95N layer 25 A are grown up by turns, and is made into the superstructure of the 0.1 micrometers of the total 
thickness. 

[01 11] On the other hand, the p side lightguide layer also grows up 25A of GaN layers which doped Mg 1x1019 </SUP> / cm3, and 
undoping aluminum0.05Ga0.95N layer 25 A by turns, and makes it the superstructure of the 0.1 micrometers of the total thickness. Next, 
when the aluminum0.1Ga0.9N layer which doped 20A of undoping GaN layers and Mgfor the p side cladding layer 17 1x1020-/cm3 was 
made into the superstructure of the 0.6 micrometers of the total thickness which carried out the laminating of the 20A by turns and 
also the laser component was produced similarly, as compared with the thing of an example 7, the threshold fell a little and the life 
showed 3000 hours or more. 

[0112] The [example 14] example 14 is the laser component constituted using the GaN substrate 10 like an example 7. That is, each 
following semi-conductor layer is formed on the GaN substrate 10 constituted tike the example 7, and the laser component of an 
example 14 is constituted. First, the n side contact layer (2nd nitride semi-conductor layer by the side of n) which consists of an n mold 
GaN which doped Si three or more 1x1018-/cm on the GaN substrate 10 is grown up by 2-micrometer thickness. In addition, it is good 
also as a superiattice layer which consists of AIXGa1-XN (0< X<=0.4) which doped GaN and Si of undoping of this layer. * 
[01 13] Next, after growing up the n side contact layer, temperature is made into 800 degrees C and the crack prevention layer which 
consists of In0.1Ga0.9N which doped Si 5x1018-/cm3 by TMG, TMI, ammonia, and silane gas is grown up by 500A thickness among 
nitrogen-gas-atmosphere mind. This crack prevention layer can prevent that a crack enters into the nitride semi-conductor layer 
containing aluminum grown up behind the nitride semi-conductor of n mold containing In, and by making it grow up by InGaN preferably. 
In addition, as for this crack prevention layer, it is desirable to make it grow up by thickness (100A or more and 0.5 micrometers or less). 
If thinner than 100A, it will be hard to act as crack prevention as mentioned above, and when thicker than 0.5 micrometers, it is in the 
inclination for the crystal itself to be discolored in black. 

[01 14] Then, the layer which consists of n mold aluminum0.2Ga0.8N which doped Si 1x1019-/cm3 using TMA. TMG. ammonia, and silane 
gas at 1050 degrees C grows up 40A and the GaN layer of undoping by 40A thickness, and the n side cladding layer which carried out 
the laminating of every 100 layers of these layers by turns, respectively and which consists of superiattice of the 0.8 micrometers of the 
total thickness is grown up. 

[0115] Then, the n side lightguide layer which consists of undoping aluminumO.05GaO.95N is grown up by 0.1 -micrometer thickness. It 
may act on this layer as a lightguide layer which guides the light of a barrier layer, and n mold impurity besides undoping may be doped. 
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Moreover, this layer can also be used as the superiattice layer which consists of GaN and AIGaN. 

[01 16] Next, the barrier layer which consists of undoping InO.01GaO.99N is grown up by 400A thickness. 

[01 17] Next, the p side cap layer which consists of p mold aluminumO.2GaO.8N which doped Mg with larger band cap energy than the p 
side lightguide layer formed later 1x1019-/cm3 is grown up by 300A thickness. 

[01 18] Next, the p side lightguide layer which band cap energy becomes from aluminumO.01GaO.99N smaller than the p side cap layer is 
grown up by 0.1 -micrometer thickness. This layer acts as a lightguide layer of a barrier layer. In addition, it can also consider as the 
superiattice layer which consists of a nitride semi-conductor of undoping of this p side lightguide layer. In considering as a superiattice 
layer, the band cap energy of a layer with bigger band cap energy (barrier layer) is larger than a barrier layer, and it makes it smaller 
than the p side cladding layer. 

[01 19] Then, the p side cladding layer which becomes [A / 40 ] 40A from the superiattice layer structure of the 0.8 micrometers of the 
total thickness which carried out laminating growth by turns in Undoping GaN about the p mold aluminum0.2Ga0.8N layer which doped 
Mg 1x1019-/cm3 is grown up. 

[0120] The p side contact layer which finally consists of a p mold GaN which doped Mg 1x1020-/cm3 on the p side cladding layer is 
grown up by 150A thickness. Since the p side cladding layer of the superstructure containing AIGaN is touched especially in the case of 
a laser component and the thickness is made thin with 500A or less by using the small nitride semi-conductor of band cap energy as 
the p side contact layer, the carrier concentration of the p side contact layer becomes high substantially, p electrode and desirable 
OMIKKU are obtained, and it is in the inclination for the threshold current of a component and an electrical potential difference to fall. 
[0121] After making the layer which performed annealing for the wafer which it was made [ wafer ] like and grew up the nitride semi- 
conductor above at predetermined temperature, and doped p mold impurity form into low resistance further, a wafer is picked out from a 
reaction container, the p side contact layer of the maximum upper layer and the p side cladding layer are etched with an RIE system, 
and it considers as the ridge configuration which has stripe width of face of 4 micrometers. Thus, it is desirable by making the layer 
above a barrier layer into a stripe-like ridge configuration to make into a ridge configuration the layer more than the p side cladding 
layer which luminescence of a barrier layer comes to concentrate on the bottom of a stripe ridge, and a threshold falls, and consists 
especially of a superiattice layer. 

[01 22] Next, a mask is formed in a ridge front face, it etches in RIE, the front face of the n side contact layer is exposed, and n 
electrode which consists of Ti and aluminum is formed in the shape of a stripe. On the other hand, p electrode which consists of nickel 
and Au is formed in the ridge outermost surface of the p side contact layer in the shape of a stripe. As an electrode material with which 
a p mold GaN layer and desirable OMIKKU are obtained, nickel, Pt, Pd. nickel/ Au. Pt/Au, Pd/Au. etc. can be mentioned, for example. As 
the n mold GaN and an electrode material with which desirable OMIKKU is obtained, a metal or alloys, such as aluminum. Ti, W. Cu, Zn, 
Sn, and In, etc. can be mentioned. 

[0123] Next, the insulator layer which consists of Si02 is formed in the front face of the nitride semi-conductor layer exposed between 
p electrode and n electrode, and p pad electrode electrically connected with p electrode through this insulator layer is formed, the 
surface area of p electrode with this substantial p pad electrode — extending — p electrode side — wire bonding — it can be made to 
carry out die bonding. 

[0124] The wafer which formed n electrode and p electrode as mentioned above is transported to polish equipment, the silicon on 
sapphire of the side which does not form the nitride semi-conductor is wrapped using a diamond abrasive material, and thickness of 
silicon on sapphire is set to 70 micrometers. After wrapping, it polishes 1 micrometer by the still finer abrasive material, a substrate 
front face is made into the shape of a mirror plane, and metallizing of the whole surface is carried out by Au/Sn. 

[0125] Then, an Au/Sn side and cleavage is carried out to the shape of a bar in a direction perpendicular to a stripe-like electrode, and 
the dielectric multilayers which consist of Si02 and Ti02 are formed in the resonator side which produces a resonator to a cleavage 
plane, and finally, in a direction parallel to p electrode, a bar is cut and it considers as a laser chip. Next, when the chip was installed in 
the heat sink by face up (condition which the substrate and the heat sink countered), wire bonding of each electrode was carried out 
and laser oscillation was tried at the room temperature, in the room temperature, by threshold-current consistency 2.0 kA/cm2 and 
threshold voltage 4.0V, continuous oscillation with an oscillation wavelength of 368nm was checked, and the life of 1000 hours or more 
was shown. 
[0126] 

[Effect of the Invention] By this invention, as explained above, since it has the cladding layer which an impurity becomes from the 
superiattice layer by which the modulation dope was carried out, threshold voltage can fall and can realize the laser component which 
can carry out prolonged continuous oscillation. Moreover, this laser component can realize a good laser component with a high 
characteristic temperature. It is proportional to characteristic temperature by the threshold-current consistency by the temperature 
change at exp (T/T0) {T^operating-temperature K) T0:characteristic-temperature (K)J. LD shows that a threshold-current consistency 
operates to stability low also at the elevated temperature, so that TO is large. For example, with the laser component of the example 1 
of this invention, there is TO [ K 150 / more than ]. It is shown that this value is very excellent in the temperature characteristic of LD. 
For this reason, by writing in the laser component of this invention and using as the light source and the readout light source, the 
capacity which is not in the former can be attained and the utility value on that industry is very large. 



[Translation done.] 



http://www4JpdI.inpit.gojp/cgi-bin/trari_web_cgi_eije 



2007/05/15 



JP,20O3-101154,A [DESCRIPTION OF DRAWINGS] 




1/1 s<— v 




* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The type section Fig. showing the structure of the laser component of the 1 operation formation concerning this invention. 
[Drawing 21 The perspective view of the laser component of drawing 1 . 

[Drawing 31 The type section Fig. showing the structure of the laser component of the example 2 concerning this invention. 
[Drawing 41 The type section Fig. showing the structure of the laser component of the example 7 concerning this invention. 
[Description of Notations] 

10 ... GaN substrate, 

11 ... The n side buffer layer, 

12 ... The n side cladding layer of a superstructure, 

13 ... The n side guide layer, 

14 ... Barrier layer, 

1 5 ... The p side cap layer. 

16 ... The p side guide layer, 

17 ... The p side cladding layer of a superstructure, 

18 ... The p side contact layer. 

19 ... Crack prevention layer, 

20 ... The n side cap layer, 

21 ... p electrode, 

22 ... p pad electrode, 

23 ... n electrode, 

24 ... n pad electrode, 

25 ... Insulator layer. 



[Translation done.] 
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tm^mmm^xh-ox. 

miB n m&m^wwmftm iz&^x. m eysis m t 

SrSSil fcgg2^M^^ftJlt#qf;i£*iT&&n 

[hot 2 3 mamifi. nmrnmcom^m^m^mt 
p mm&nmim^pmm t vmnm&L $ tit & § mt 

Mia p mmm^mm^mwm^ \ ^x . mim&m t 
mtitzmm. mt<izi%Ltz&miz^ si^\>h^ 

[HOT 3 3 Y§tt»\ niSIIPJc^bW^ttiii: 

p mm^mm^mi/m t comzmj£ ztixtcz mt 
i h^2^M^^Mt^"mii$ixT^-g. n 

& & J! 3 hl&4 <^b«^frif £ j&^JB $ ftT & h p 

[HOT4 3 liriEnWSAjBt&^Ji^isv^T, fflEm 
^IvvnVF^ -y rx *;t^- fly IEB 2 comity 

mm zojzzv^n m^mamm ti^-th hot 1 x 

[HOT 5 ] HfrlSH 1 ^S-ftifU^^cf^JB^fev-C , hu 
< L*:HOT 4 f 5ft^Stt!|4l¥»tf*P . 

[ hot 6 3 bu i an? i <mi m^zmfcrnn n sprue* 

iftK** 1 X 1 0 1 7 /cms — 1 X 1 0 2 0 /cm3 CD|£ffl 

1019 / cm a £x?xh&m OT4xti 5tm?>wim 

[HOT7 3 mmnMm*-tm=Fmizi5^x . mmm 
i nmimzmfomit. mitm2<^mitm*mfcm± o 
^ivv^f >y rx^df — fc luiBm 2 comity 



« 3 i e^mm^*^ . 
[hot 8 ] mm2nmfltem#mizt$\,*x . m 
lem i com{m¥&#mt<z3S&rr h mtn n s^w«j« 

J££flufEJI? 1 ^S^«fl^fW^4>«lfLfca^^Jt«eL 
< L fciB OT 7 IBlt^^^fr^. 

[ e^Ji 9 ] tut en i (nmm^mmcr) n s^m^ 
lxioi 9 /cms "9 , friam 2 os-fb 

ifej^M CO niMM^' 1 X 1 0 1 7 /cn.3 ~ 1 

x 1 02 o / cm 3 ^>Kiir&si9*Ji7Xii8iE3©^)a 
[a*^ i o 3 staffs i <nmm^mm\t^ 1 Y g 

a t _ y N { 0<Y<1 ) frhti:*). Wl BIS 2 coMll^ 
n x Ga, _ x N ( 0 SX< 1 ) *^^r-6 
ffOT4~ 9 ^ 3 ^ 1 ot3fBli^a«^#frS^o 

[ 1 1 ] lu mm 2 tm^mtem &g&n & 
[hot 1 2 ] TitTiEis 1 comim^mfomte a 1 x g 

a 1 _ x N ( 0<X< 1 ) *>^^r0, B?!Bm2<?)M-fL%} 
¥^*Jl(iA 1 y Ga a _ Y N ( 0<Y<1, X>Y) 
#^3: -SHOT 4 ~9 c7) -5 1>60 1 

[ HOT 1 3 3 HUlBm 1 ^^ib^^^® X« m IBm 

: 5rV^|fOT4 — 1 2 03 3 1> iijjp 1 oHlEffe^M-fb 

[ HOT 14 3 m fi p MM^Si^l tcfe v . huIS 

m 3 ^M-fb^^«sii(i , mtzm 4 co^b^^M «t 

[ HOT 1 5 3 huI 3 ^M^fb^J^^il lz& v . 

ltWn$ < t^HOT 1 4ie»<^s^ft J H«<** : F : . 

[ HOT 1 6 3 flu tem 3 coM'fbSffiMfc/l ^> p 
WS&lfi 1 X 1 0 1 8 /cms — 1 X 1 0 2 1 /cm3 C7)^ 

hc*> 0 . m4 co^b^i^^iiops^^iiig^' 1 

x l 0 2 0 / cm s OTT-$)-l»HOT 1 1 X(4 1 2i3»^ 

~ [ hot 173 fly ie p mm&-nw?-m iz&^x.- m ie 

m 3 ^Mb^^tt/f J4 . tulEm 4 ^M-fbfe^fril J; 

0^$^pM^feii^t^Wf-^.HOT2 
X(i 3 lEm^M^fb^^^^S^ . 
[HOT 1 8 3 flyfE^4 oa-fb^^M^fe^T . 
tulEm 3 OS^iB^»Mt=3fi«'r 4SP4ho p WPffiMs 

mm* fltfiEU 3 o^b^^#^ii*^gi^^tcjt^ 

LT/h$< L^HOTl 7lEmt7)g«^*STo 
[ H^JI 1 9 3 flu f EffS 3 tf>S<f b^^frB ^ p M^F*$ 
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1x1020 / cm 3 vxrx fo 9 . m4comim 
*mftmnpm?mmgtf i x i o i s / C m3 - i x 
1021 / cm 3 <7)i£H-eS)Sit^i 7xtii 8tmco 

[ it ot 2 o ] m em 3 oMM^ftjfii a i Y g 
a t _ y n <o<y<i ) mem4<Dm<m 

*tmfomi3. In x Ga, _ x N ( 0 ^X< 1 ) iptth 
[ HOT 2 1 ] iiffiESfS 4 *>2<f M&¥3*ttJi # G aNi> 

h Kc h hot 2 o mm^mm^mim=f- . 

[ 2 2 3 mess 3 eymm^mfamte a i x g 

a a _ x N ( 0<X<1 ) jJp£>2:D, MBIM?)^^ 
^ffc/fiiA l y Ga, _ Y N (0 <Y< 1 , X> Y ) 

^stshoti 4-1 9co?-h<7)inztmcomit% 

[ If OT 2 3 ] M em 3 <0M-f l^^ffc/f Xf i bu tEJH 

4 oa^^awwHtii , p mpmm& k -ts n-c v * 

^#Ml4-2 2^d^>^^-fix^l-o(Z|a^c7)M 

chot2 4] miinmrnn-Mim-mttzii^x . me 
m i oaf «ftii 2 . hu ism 2 ^g-f»£#flsji i 

m is p ras*@t&^Ji m** x . mem 3 ^mm^m 

^ >y 71^;^- i: MBIH4 «W#ftIJ: 0 ±% 

v ^ p ^raBftjafcK b*irrz> hot 3 tsu^M-f 

[ hot 2 5 3 msm 1 og^MM^ n mt« 

Wti&tf 1 X 1 0 1 7 /cm3 -1X102 0 /cms <Z)& 

it* o t , m 2 wM-ftsft^M ^ n m^mmm^ 

1X101 9 / cm 3 JJlJt* *) 

m&3<nmwt^#m<npwpmmwmffi x 1 0 

1 8 / C id3 —1 x 102 1 / cm 3 «oasHT*->"C. MB 

^4C7)M'fb^^*iic7)pmW^^* i l X 1 0 2 0 

/cm3 I. HOT 2 4 leK^Sfcife^flcaJH 1 . 

[ HOT 2 6] M B n {il^fif&^Jl 12*3 1 . MB 

si 1 com^m^mmsit . mzm 2 comim^mfam x 

Vvn'v H^r> >yy°^*^-kmiZm2comjm 

mb p mm^-mrn^ m\za ^x , MBm 3 os-ft^^ 

v * p M^fcE^i&g fc fc^t h HOT 3 IB3d^^fbfe¥*l 

i it ot 2 7 3 mbjh 1 <oa-ft«^*fWB^ n mpm 

WRg.if' 1X101 7 /cm3 -1X1020 /cm3 co^ 
1X10 1 9 /cm3 l^Tt ib O^O, 



i!B^3 wiiti^ftlOpIWW^ 1 x 1 0 
2 0 /cms 0 . m4<7)M«^#il^pM^ 

1X101 8 / cm 3 -1X102 1 /cm3 £0 
ttfflTfc S HOT 2 6 lESJOM-f fc^^iffcit^ . 

[ it ot 28] ms n fim&mifrpmiz 45 v , ms 

m 1 (?5M^ift2N»*«i± . MSm 2 J: 

0 ± ^ V v s,> k ^ >y rx - 1 mam 2 cr>m.iYM 
¥M&m J:'0'h$^n M?F»i8J^ t^LfrL 

mfcp&m*ffl&=?mizte^x. mb^3^m«^# 

•yrx^;^-«h1ulBm4^)MM^S^J; 

t ^ p m^pmmz. t z w-r ■& htse 3 isife^M-fb^^ 

[ a^l 2 9 3 MB^ 1 OSfc!fe¥3WWBtf) n M^F^E 
l^atK**! X 1 0 1 9 /cm3 OTT*>oT. BUfS^2^ 
S^^f^WnS^^atK^ lxioi 7 /cms 

— 1x1020 / cm 3 <7)&mTh 0 **o. 

MBm3^M-fCU^#M^pM^M%^30U x l 0 

1 8 / cm 3 ~i x l 0 2 1 /cms <0iEHT-*o"r » MB 

mwmMm^famnpm^Mmwi xio 2 ° 

/cm 3 OTT'fel>liOT2 8iBtt^M^!f%^®*|s31^F. 
[ HOT 3 03 MB n M^tSfg^Jf is V . MB 
m 1 ^M-f^^M<i. mm 2 ^-fb^^Mck 
7 rx^K-tfIS^ 2^)gflSHa 

Knapfinsi^ief&^ii^tJv^T. mb^3^m«^ 

■v >yrx^;pJr-,hMB^4^M«^#:ilJ; OW^ 
^Pl^«t Sr^-T^lfOT3lsm^^«^ 

t ifOT 3 1 3 MBm 1 <nm{m*mfcm <o n i« 

^^'l X 1 0 1 9 /cm3 OTT*->T. MBm 2^ 
a^fc1*^fWlWnM^RI*!BjSftK3&« 1X10 1 7 /cm3 

— 1 X 1 0 2 0 / cm 3 o«gffl*C* 0 

Mam3c7)M«^#^copM^^a^^i x 1 0 

2 0 Xcm3 VXfTfo*). S4©Ifl:WiftlOpI? 
JGJftlillffi* 5 1X101 8 /cm3 —1X10 2 1 /cm3 ^ 

^BiT'$>i»ifOT3 otaa^«^##c^„ 

[ MOT 3 23 MB n Mmx-Mftrf- m tzte^x. MB 

m 1 ^Mt^J^MiiA 1 Y G a ! _ Y N (0 <Y< 
1 ) b>h+£ 0 . MB^ 2 I n x G a 

1 - x N ( 0SX<1 ) ^£>3r9#>o. 
MB p IIM^^^^ 1>ZH ^X . huIE^ 3 c^g-ffcft^ 
^jf(iA 1 y G a 1 _ Y N ( 0<Y<1 ) j^^. fT 
IBI^4c7)^bft^M{2I n x Ga, _ x N (0^X 
<1 ) *^=5r^ffOT2 4- 3 1 <no-t>cr> 1 ofciESfcO 

[ HOT 3 3 3 MBH 2 fc IH4 OS-fkJte^NStfrS^ 
-eixW. GaN^^5Sr-|>ff^2 4 — 3 1 <505^^1 
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[ m& 3 4] buib n mm^m^m £*5 v ^x . me 

m 1 <9Sfl5f*l¥*fWitiA 1 x Ga, _ x N (0<X< 
1 ) *»£>&9, flrtE®2^S*blfj¥»#JBtiA 1 Y Ga 
t - y N ( 0<Y<1 , X>Y) J^£>&9. 
huIBp M^iSfS^ Jf klfc^T . BtilSm 3 <0S*bfc¥3* 
fldBli A l x G ai _ x N(0<X<l) 0 . sif 
IBH4 ^g-ffc&^SWfcflti A l y Ga, _ y N (0<Y 
<1, X>Y) *^^r§fSOT24 — 3 l^o^lO 

[ it ot 3 5 3 tfriesr i e>mm*mimxitmsm 

WT^ H— 7*JBTft Sm^JS2 4~3 4 <7>? "ipO 1 old 
[ If^JS 3 6 ] mMEM 3 O^^^MXti ituf EJfl 

[ft 3 7 ] ffiiKStt® # I n G a NJf m# 
3S 1 — 3 6 tf> o hCOivftifr 1 OizracO^bW^fr 

[ mtm 3 8] HUMS I n G a N JB#Jtf#FJB"C& £ 
if 3 7 ISaoS'ftWl^flsS^. 

[ 3 9 ] Hifi£M-fbtj^^^{± . mi&s&m 
■yimm^xfo^x. 

mftrf-rnxfohmsmi— 3 s^d^^v^-rti^i-ot 
Mfepffli^5-yK«i:?geJBi:<oia. xfiBuiEPig?^ 

Sft&^aWfcSUi GaNA^O. ^Wtm&ifi l x 1 
Oi 9 /cm3 mTT-^i»^M K^^^$ii7tff^3i 

3 9 f eao^»^#iis^ . 

[M^Ji4 1 ] mextfj rm^m^mm^'th 
wmrn 4 oietoMMMf. 

[ it 4 2 3 ms3t#4 h a t ?stt« orat $ ^ 

WN'y b'df> ■yrx^/Mr— ^tlif/^IIO . 1 jum 

3^ >y r^H^W^iiU^^ 1 X 1 0 i 8 / C m3 l£JLLT£> 
I»ff^3l4 0Xf24 1 iBa^S^ifi^iCf**^. 
[ mtt 4 3 ] BirfBW Kfl fc KflE^ ^ -y 7"JB # 



i -4 3 <o o *>ov ^-ttifr i o tiBffi^g-fttt^flcae 

[000 1] 

immm-t&mffiwn *&miz. led {wt?4 

tf-K) . LD ( r^>f 3j— K ) . hh\^\^—^ 
;PS^>y-b>h^M^--K ( SLD) l£w?£3£§5t^. ± 

ifeftmft ( I n x A 1 y Ga t _ x _ Y N . 0 ^X. 0 
gY. X-hYg 1 ) Srfflv^*^ro^S. =5:45, «Sffl 
StfeV^^ffl'tS— JR^I n x G ai _ x N. A 1 y 

g a ! _ y ^mimzm{\^mwm(om^t:^i-i> 

cvxh^x. m%:&mt>m&$ffl~<nm$&ix5rsZtix 

[0 00 2 3 

4. ^Mm^mxmm.mmit^titzm^xhh . zti 

t>CO&mT'U AlZ&mZtL&LEDiZ^ InGaNi 
9&£#FJf £^&i£-S^#F}i5i ( S QW : Sing 
le-Quantum- Well) , ^ L < {i^M4^-#F^3t (MQ 
W : Multi -Quantum-Well ) «0*SttJB#» nllttfi 

nffijg&^rLrv^. »fe^>«^(41 nGaN 

[0003] ^tUlLUi. «5j£i<?)*m^fflv^"r 
yNVU^-MT. MaT£04 1 0 nmtf)l'— IfSHg^ifrff 
T-»T^L^ {M^(S\ Jpn. J.Appl .Phys.35(1996)L 
74. Jpn.J.Ap P l.Phys.35(1996)L217^L i<5DU— Tag 
^■ti, I nGaN«fc9 5 5r£#Ffl£ffl^fc£M7#F 

i2^s, JVUxmM2mscr>0kftX\ 1I1I6 1 0 
mA. . 7 k A/cm2 , 4 1 Onm^ 

hy s . Lett . 69 ( 1996) 1477i2fe V L?Z. Zcr>V—f 

m^ii. p wmim^mftMco—mz y 7^h7^r 

^ritS^flBtS:^" LTi3 0 , ^^UXS 1 ac s . 
Xffllms, -tjl— r-r— JtO. BMtffiStl 
8 7mA. HffiSSE^ftS kA/c»2 . 4 1 Onm^ 

7 7. 1996^12^26-^- SflfiSSS. A PP 1 .Phys. Lett. 69(1 
996)3034. Appl. Phys. Lett. 69 (1996) 4056 5Ph ^c7)l^ 
— FSfe? Ji 2 0 °CtZio V . MSflK^ 3 . 6 k A/ 
cm2 % HJMJE5; 5V. 1. 5 mWaj*Ci3^T . 2 
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[ 00 04] 

1t&s i^LEDiiJl^msii (If) 2 0mAT\ KB 
-ftftmBi (Vf ) Hfi3. 4V-3. G a A 1 

A s &cr>¥m#J: 0 & & ffcfe L E D tit^T 2 VjjLhiS 

[00 05] U-^^BB«jES:ffiT$-fr4 i k# 

x-ztitt* ^s^LED^fcyara-rsfc, led 

^ISHIfomaL mE£ffiT£-t!:& <! k lz£ v&mmco 

[00 06] 

m^z$$\ ^x . m&mpjsrm v 1 ^xtco^mw 
x< x* , i*^fWB^irawgiii£fl£< -cs h z. 

ffitftztLtzmitm^ftmnmmmz'i^ < t# hco 
x\ nmw®comim¥&#m<te#bLx<7)!m.£'^ 

[0007] ±tz^wm^2<r>mm^mwm=f^ 

wmwm t comzmf&ztix%&mim¥mfom z FX' 
fo~?x , hu ie p mmmcomtm^-m^m iz&^x. mi 

&&mbMtitz®.W. mL<iZmLtz&miz^ 
V H^r-v >y rx*;l^— 0 Ml He p M^fift 
ifig#* H£r h m 3 i; $ 4 ^M«¥agftc;i k aSfiUS $ ft 
T&£pM^ig^;f£^t-&-«h£#©t-f £ 

ixfci x . m^mxm^titzmitm^mwmcom 
mm.£'hz<x$&<ox\ pswsffl^s-ffcfii^miflsJB 

ffcJISr^U n^lltli. ?£ttJl£&X,Tp«ffl!li: 

sb i oa-ftft^fWB t sb 2 comm^mfam t comm 



m b commmmzmt>zc\ ^u2.wozti>&^. 
[0008]$ &ttmi(nm3nm4m*m#m=F 

a-fl^^f** b com tzm& ztix*b mAma^mim 
=?-xfo o x . Htrie n *iefflios* b^j^^ii tis v ^x . 

ztixtcz nii^fs^utL, linapwsffli^g 

^-t&ZbZmiblrZ,. Ziilzk^X. mtfrf-mx-ffi 

x\ nmmmRVpmmMcomim¥Mfcmc7)-£ffcb l 
[0009] *%twwm i x\±m 3 o^b^^f*^^ 
^ji^^m^s^T'^iifs-. msnzmLxffis&ti 

nfiB3te^ K/f 01*1^3: < k t, 1 a 
«iaT«W. lg2X{il§3c7)S-fb!}?3-^*m 
^T'Ji. pfiBSAjSfS^Wi. P«ffi3Wgfi£$iiSpra 

[0010] *«HB<?5g[ 1 &x/m 3 ^s-f^^^m^ 
Tli. mfe^miZ&^XJ-tyV^-r "/7x.*>V*?—<7)± 

v ^. Buiem 1 comm^m^mwwMm.^m 2 com 

^t'JTJAV H^f'-v 7rx*;^-^l ^rfg l com 

co4^^m2<omim¥mtemiz&xx'£ . -i±x^titz 

im^mfamxi&m^h zb&x%hcox\ mx-^-m 
commMtfL$:'bz<x'%&. zzz\ ^mmmizts^ 
x . n Mwn-MWf- m b p mmfrnmrm t tr 

^ < Ltz^. micomm^mim^x-ii. m&=?m 
com 1 comm^Mfam iza ^x . m 2 comim^mw 
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m 2 ^mm^mwm^mm.^ ^^zm< x $ . urn 
^mnm$m$LZ £ t*\z{k< x% s . 
[0012] ^wmz\±, m i . m3nmim i mtt& 

Ttz&^x , rty F^fV yn+K- cxfcS ^ l 

1 ^a^#»flcJitfD nSS^*fi!|ijjRK*« 1X10 1 7 / 
cm3 — 1 X 1 0 2 0 /cm3 Offifflfc* 9 . m2C0mt% 

Sterner) n sTOfisHBiaa?** , $ i oa^^g* m x 

"5'J^<A^1X101 9 /cm 3 OTKifc^-S - # 

^a^bft^Mons^ffittJftsti. lxioi s / 

cm3 OTtftSifc^J: Oif t L< . lxioi Va 

x < . m2^>mm i m^m^Ty K-r < u n d o P 
e ) m. m^w^mmm^zY-zrLtc^m^tm^ 

[ o o i 3 ] ttz . ms& i <omm*m>ikmwm>>i 
mm &si 2 (omitwmfam <&mimmizim t x * 
$<Ltzm&. m^2<n&4m 2 mfomtz&^x . m 
asm i comim^mfflaicfflzt&mftn nm^mm 

X'l^<-f&Zbtf1B-3.L^. iJiesti^afb 

mwkmizttMLxA^ < Ltz*§&. mm i os-rtasi* 

^iOnSM^'l X 1 0 i 9 /cm3 OTT* 
0. fyl2m2^M^M^nM^|i6!|%ii^^l x 
10' 7 /cm3 — 1X10 2 o / cm 3 <7)gEffl-C*>S i t 

<(ilxioi 8/ cm 3OT^ L<Ji 1 x 

10i 7/ cm3 XiL~F. ftfcjffiKliT^K-r (u 
n d o p e ) . ~^m®*WmmzV-7°L%; 

[0014] ttz, mimfmsnmwtopmft&Tx 

-tt&C: A l Y Ga, _ Y N ( 0<Y<1 ) T' 

fcm6In x Gai. x N(0 ^X< 1 ) X'ffi&t 

[0015] miRum3com^m^mim^-x 
mwf-mizts^x. mMm2com^m^mi^m^G 

mm i <rmwi#&mm (Ai y G ai _ y n) t,t 
%m2rtm.{Wfrm#m (GaN> fc^Pitiii+t 



$L&Zith^ti£Xth<7)X\ Mt&=?-m<D$m±MtbX 
[0016]4fc.Sl 3 ^a-ffcJft^flcSS^ T 

l x Gaj _ x N (0<X<1 ) T"^j£U MBf&2?) 

m-fm^mfomiiA 1 Y g a t _ Y n ( o <y< i , x 
> y ) xmwfr h i i t- # & . 

[0017] $ huIB^ 1 ^S*t&¥3SflsJ8XttBiF 

less 2 coa^^fmiftJBteti . n h -r $ ti 

[0018] *%B^i2M3«M*il 1 

# 3 W^kWWI^ttftiffi £• ^* >- F df-Y ■/ 
7°x*/l^ - -<7>h£ v ^H4 ^M-fb^^#cil^^W 

U. Miam3^»^##:il^^«il|^^m4^M 

^'J7^yF^7 Tx ^ 3?—<ry*L % %m 3 

c7)/h$^m4^«^Ml3^AT-#, iiA^to 
df ^ y r ^^*6%iftffi3&«/hS < #SjJ^^# uH4 com 

im^mwmx^m tthzttfixzh <ox~ , tsfg^n 
[0019] ife, m2s.txm3^M-ft:^^^T- 

ti . mism 3 co^-fb^i^^/l^^M^II^ £ $ 4 

i ws-fkiBj^icflsJB ^t5v»T » m 4 corn-it 
o p M^ttsftjRKs- . ^4 comim^mi^m^^mtttz 

UWz&MiLX'\^<-thc\ttim& L\,\ Ztit,z£-> 

x. m4comim¥Bwm<PZ&m-tz>*v vrw. m 
wmmftvp&imiz x ->x&8LZtL&e>&ffi±xz . 
m 4 comm^mwm emmm.* m>iz-m< t- # , 

[0020] ife. ^2, ^3^M»^*S-^tCfe 

i ^x . mzm 3 c7)mim^ikmco^m!>Wkm£m4 cd 
mm^wmc^mmm^mLx^^ < ttz^ 

m^tovwpwms&sup lxioi s / CB 3 ^ixi 

0 2 1 /cm 3 £7)®H^S>0. m4^)S'ffe;Jftfi|^M«0p 

D^<^Olxl02 0 /cm3 l^TfcS^^S 

J; %ii^> F^r> >y rx^-ivh$^ 

^4ct)M«^M« lxioi 9 / cm3 OTT-&^ 

1 tifiJ: O^ffS L< . lxioi s / cm 3 j^TT*Si 

a-fbfl^aiEWiSrr^F-7-JB. fiD*>^M^^sne^i 
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[002 1] 4ft. ^2W^3«MM*ii : (: 

nmcMPRmm (&mimmz}m lx^<l ft*§ 

hZb&IR&l,^. 

[ 00 2 23.4ft, m2&t^Jil3^Mfl:»»ffc^Rl 

*s v vc . mrism 3 <7)g^!f^»wio3RffiftiatK & H4 

1 02 0 /cms m4c7)M«^#:/i^P 
S7Rffi!f*fliBS# 1X101 8 /cm3 — 1 X 1 0 2 l /cm 

*mfcmn. lxioi 9 / c m3 OT . $ t 

<iil XI 0 1 s / cm 3 JJIT. LXJiTyh* 

-r(undope) . -r^-^. ^fcfe^miaem^ 

[00 23] 4ft. m2^lXm3c7)M-fb%^f^^ 

few. |£,B^iVM@*&^JB£^J^S huIS 
^3c7)^b^^MS:Jt^^x^;^-^"v -y 
:r#* # < *»o«S Jltttf) J: v *Jg « i b 

^AlyGaj _ y N (0 <Y< 1 ) T^fK L . BUlBIS 
4<7>S*Wft¥a«t:JB£ I n x Ga, _ x N ( 0£X< 

i ) T&&t&zttfi&&L^. m&&4(om.4m*m 

■tot, HUiam3«M«^##:ii (A 1 y Ga, _ Y 

n) b. m^4<nmm*mfam <GaN> tsrpt 
[0024] 4ft. m2RT/m3(omikto¥m&&=?tiz 

tSWZ . 1iriB£3<3Sft%¥aWfcJBH:A l x Ga, _ x 

N ( 0 <X< 1 ) T^J£U HUl^COM-ft^^M 
JiA 1 Y Ga, _ Y N ( 0<Y<1 , X>Y) T'^iftL 

[ 0 0 2 5 ] 4ft. »2at^m3^S^«Mt £ aWl5«^ 

33 HuiEm3^M'fbw^/ix{iBtriem4^^ 

[0026] .m3<om{m¥m#m : ¥-x*ii* muznom 
*-nfe=?m wc . mem i ^a«¥zgfls/i <7v n' y 

F^-> >yra:^;U=3r-^HUie^20M^!il^*iiWN' 
>- v 7x*;^-i 9 ±# < . ^OH>flEB 1 P>m 

tttoftmwmn n STRMftai^&wifliBm 2 ^s^^* 

f^^nMTJ*ft«£J: D^< . U>>*> . lifiEpfflffi* 

jSfs^etw *5 v . uns® 3 <^a«¥Stisii w < ^ f 
%^*Ji^pm^^iiS7& i 'HuiE^4 comim^m 



1X101 7 /cms ~ 1 x 1 0 2 0 /cm3 C9ffiHT*o 
T. m2OS^!»^flciB<50nS^teBjiBe*«l x 1 0 

1 9 /cn.3 l^TT'&O^O. Hriia^3^^^*ji 
^pM^W&g^ 1X101 8 /cm3 -1X1021 
/Cffi3 oiitfcot, HulSm4^^»^^M^P 

mymtismxtf 1 x 1 0 2 0 / cm 3 j^T-easc: t 

4 t^, 

[ 0 0 2 7 ] 4ft . m 3 <^a«¥*Sfri!i^T'l2. huIS 

n w^jbjfnbi t^ijv^T. mzm 1 oa^¥3f*/f 
mtm 1 n m^mmm^ 1 

x 1 0 1 7 /cm3 — 1 x 1 0 2 0 / a 3 <?DjgHT*-3 
T. ^2i0l{TOfti«nI^«g)iH X 1 0 
1 9 /cn.3 OTT'^O^O. BUl5m3c7)M-ft^^M 

^>ps^tfiiisjme3& s 1x1020 / cm 3 i^Tx-fc 0 . m 
A^mAm^m^mcor>m^w^m.m i i x 1 0 1 s / 

cm3 ~ 1 X 1 0 2 1 /cm.3 C0©HT'$)-S» >1 fc *W4 t 
[0028] 4ft. fi?3 ^a^^frSR^Tti, MS 

n wwfrMfe=Fm izti friem 1 ^a-ftw^ttJi 

huIE^20^»^MJ; O^^vvN'yF^ -y 

^t. iJiEmsoa^ifti^ttcSii. iui£m4£7)M« 

§ «fc 3 i * s f# h . - <^)*&, filSm 1 0 

a»^fril^nM^»^^'l X 1019 / CB 3 
OTT'fcoT. HUlEI^2c7)M«^«Jil^)n^^ 

ias*^ 1x101 7 /cm3 — 1 x 1 0 2 0 / cm 3 comm 
t$> 0 j&^o . mm 3 wg-ftfi^wfWH^) p s»^*E!fij«i 

1X10 1 8 /cm3 —1X10 2 1 /cm3 c7)®Ht;' 

cbot. 1? i am 4 oa-fb^¥^*^^ p M^^^TO^ - 
1x102 0 / cm 3 japtfcSiktfH 

[0029] § ^tz. mscoa^^f^^Tii, Btr 

IE n MM&$£$r?!W iz&WT . luiam 1 ^MM¥*£fls 
HulB^2tfOM^^#:/iJ:'9^#Vv^K^ Jr 

-y rx^K- b mmm 2 nmfcwmwm xv'hz^ 
nm^msmtbi^Lip^. miipmm^mm'miz 

m^mikm «t 0 t v <> v «/ rx *jv*?- b mt e 

-r-g. i 9 Kifc5E« c t s . <r Mam 1 
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<^mm^mwm<r>nm^ymms.tn x 1 o 1 9 /cm 

3 OTTft o T . BulEJfl 2 oa^sfij^NSWBco n W?m 
m&g.tf 1X101 7 /cm3 -1X1020 /cm3 <7)^ 

itii 0 *o , luism 3 ^^-fb^^^ii^ p m^mrn 
mg# 1x1020 / cm 3 &T-e& 0 s ^4 cr>mm^ 
mwm^pmT^mm^.tn x 1 0 1 s /cm3 —1x1 

0 2 1 /cms ^SgHTASifc^^L^. 
[0030] ^3c7)M-fbW#*S^T'ii, syfEnM 

Y Gaj _ y N . ( 0<Y<1 ) T-Bj£U tfliEffl 2 C7)M 
-ftWSttJf ii In x G ai _ x N(0 ^X< 1 ) X'B 

m4Mfa*¥&fcmiiA 1 Y G a ! _ y N (0 <Y< 1 ) f 

b&v. mdMAcomm^mw-mm n x o ai _ x 
[oo3i] mscvm-im^mftm^FTii. man mm 

x Ga, _ x N ( 0<X<1 ) X'Bf&l, lulS^20M 
-fM&^ffcJBliA lyGa^yNfO <Y< 1 , X> 

Y) TJBJfcU firlEpiPJM^g^/f^&vv^ luiam 

3COgfl5lij¥flMfc«tiA l x Ga, - x N ( 0<X< 
1 ) t«L ( lufE^4^^^#M(iA 1 Y Ga 
! _ Y N ( 0<Y< 1 , X>Y) XBfcthZttfXti- 

[oo323 $^tz.^3 nmfcwmwm=Fv\*. m 
ism i <mA\^mwmxxtmem 2 <og«^fkJi 
ti . n h -r £ ^5: i^t ^ K -r/i x-h 

sa* ! HL<, miEHi 3 ^^b^^*iixii tfria 

Srtvr y F — TJfT'£> 5 z t U> . 
[00 33] mim2m3^M«^*II^T- 
ii, HiTiEiSttJia 5 1 n G a NJl£-£t*.r t L < , 
Me I n G a NJf tfJtf^FJlT* & d fc #3 £ fcjff i 

«t^L. ^m&^xrn&x'fo 

[0034] ifc . i -^tmeomim^ 

K JBOHfcH&B?- & P—if M^T'S) -5t. SasE p (II 
?7-y KSfciuianfflS^^-y HJB^3^>^ 3 5r< 1 1— 
. miB n M^jgf&^iiXtefylE p fflHI^iSt&^S 

[0035] milHU— f'^m^Tli. fulEpffll 
?7«y H®tSStt*i:^ia, XiiffiiEpfflfl? ? -v YMt 
vSttJI h <Dmco^ < t h—Jilz . I n ZittsmiVfa* 

cm3 ^XfX^h^tijA h'WBfi5c$tL^-fc^i L 



W^^J^ti lxioi s / cm 3 OTT-$> ^. ^ t 

[0036] mjlE^M KJftvSMi:^ 

^-t^.mmo. 1 ^mJilT«l^ iO^rl.^ 
oTO!feig^(i lxioi 8 /cm3 JjJLhfcS^i-S i t 
^^HulE^-r^rilSr^-r^-^^j; u-^m 

•vy°m\ipmmmmm^mwmm^zB^tix^h t 

[0 0 3 7] ifc*f|H^fcV^Tti, ll-^3^b 

^H^xii. c^mss^. Rvummn. mvm^m 
fomwBf&ztiti (xtmtiz,^ ) m<tt¥&mm 
zmsLtL-cnLx. mn^mttinm^-m-mBzm 

[0038] 

iwmmmmm Mnz*&mz{%&~mmBmco 
m^m^m^m^mm^-mm^mmmx-h & . 

mzmffiBmcou-^m^Ft^o * )x-h-^x, mi 
it. u-^ftco^xftizmmttfoxm^ztyMLfc 

[0039] m 1 t-tSV^T , «4?P#t4OTO*>0 

SS^. M^ift7r-fT. SiC, Si. 

GaAs. znomcommj:*)%:&mico±i,zjgi&zti 

Bf&Lfzmm£Lxi>£^L, m&t&m&mKLTfrtx. 
oizm^L^x-m^x^x^ (H4) . 1 ui. si 

F-7nlGaN X OSrS-K-y 7 rS. ^nffirj ^ 
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X.lfffiJS4 0*>7Xhn-2±C0S i H-7'niA 1 

o . 2 Ga 0 . 8 n (micomm^mfam) tmmA 

bD-A«7y K-7 ( u n d o p e ) Ga 

Nil (m2<^mma^mwm) w^tiooiti 
ziix*z>imfrFmm<7)nm?yv rmz^-t. 13 
ti. nin? 77Hii2t, vge/i 1 4 tnmzfo 0 . 

nl^77h'112«Al 0 . 2 Ga 0 . 8 Nj:9£>/h 

-7°GaN J:0^-g»nffi!l^ K^^^-T. 14ii, M 
3 O^ - hZ3—J±CD I n o 2 Ga 0 . 8 N J: D£r 
S#F/f 3ili:. #FJIJ: 0 £>Ay 
— #'^#UMJ¥3 O^-V^ ho-AcT) i n 0 0 5 G 
a 0 . 9 s Nj;0^«»i^Mii2fflh«i:4C-&H-5TO 
®$^iT^rl>MS^#F^it^SM^^-ro 1 5 
ti. vSttil 1 4 0#FJf tf)A>-F3-> 7 7x*;i^-j: 
0 < . pfiSbt^M F/f 1 6(^A'y F^r> 7 /x^ 
J^-XK)^^^. mtilMg K-7pIA 1 o . 3 
Ga 0 . 7 NJ; OSrSpflSl^f ^r^Jf £*rr o ;«p|J 
•/ Tif 1 5«A'y F^f-v •yTX^Jf-iift^ L< 

a. mt&=Fm ito p ^ y fji l 7 <D/n*^ <y r 
*mfam) j;o^7^§<-ri>« i6ii Pfl0i?5-y fji 

17t, vgttil 1 4fc«J, 0 , pM7?-y F/f 1 7 
c^A 1 0 . 2Ga 0 . 8 NJ:Di>/J^^A>F^ 7 7 
x*;l^— Z^-th. mti£ T>K— 7*GaN«fc 93r£> 
pfU^M K/l£^~r o 1 7ii, SttJB*>^«Hifcfi[Bfc: 

IA1 0 . 2 Ga 0 . 8 NtM4 O^y^bn- A 
ffiTVY—T (u ndope ) GaNlt^3ciCl 0 
OJH»JBS:h/t&Sj@l^«g^pffl!l? 7 -y FJf£^ 
■f-. 1 8ii. pdl^ 7 -y YM 1 7<7)A 1 0 2 Ga 
0 . 8 N «fc 0 fc/h $ vv s> h ^ - y 7°x £ ^-r 
ii.(f M g K-7G a N j; i) P 13 ^ M 

[00403 z<oxo itz^Bfinmffi&mnu-^m^ 
1 7 fr^±.<r>mvm¥mvfmi±^ vn^i-v i?tm&L 

»pHI2 1 imtiLZtim*. — 

«cJB_bSB*» ^ x >y ^ y ^§ fix Hffi $ fifc n ffiA >y 7 r 

iii 1 «cti nti 2 3 , 

coffimX'te. nli2 3{ini!J/s;<y :7rJf 1 1 
J^^frC^***, SttU^'GaNlSlO^fflU 
X\^?)X\ nlSJMf^gUMGaNiilOl 

tx 7 f y/UGaNSii owiBJnaj$f. 

X"£2>. **:n1B«B2 3J:plffi2 1 t^i'^tBLT 



^&mm¥mwmwte±, muts i o 2 

tl-Ztltfy-T 4 >7'mt LX P^-y VW&2 2 t nA 7 
FM 2 4 £>ilT US. SrisSfel;: t «t a 
*BB«BW-tJV^T, $SttJBi:p1Effii:*)iafc:&Sg 

^LtplMWIftlfctH\ *tf)?SeflfcGa 

[0041] ^w^mmmm<^u—^m=txii, m 1 
t^-rvSM 1 4OTSi5i3$>i> nfiaa^b%^awwB4it2 

^ 1 oM-fb^^M t. mi com.it 
s . m zmm- hmi comw&pamm .m2cv 

ttt^ftlwiiiil 0 0 3r>7x hn-^y, 
1 0 0^-y^hn-AJ: 0 1>/SV^. miomiYM* 

iWI. m 2 ^M-ft%^M^M/S^TI®{i#^RS^ 
1 Ig^F»JJLhTft*TJf«J: t^*«. 1ulB^)J:dtl 

m^¥#*to^< 1 1 a 1 zitttmitifflmib. 

*?iL<(iA l x Ga, _ x N ( 0<Xg 1 ) £fig£§ 

L<!iAl Y Ga 1 - Y N(0^y<l,X>V), In 
z Ga, - z N (0^Z<1 ) Ockd^27Cig B B H. 3t£ 

OM»^WiI Ga^^^U 1 x Ga 
! _ x N ( 0<X< 1 ) U ®2 0Sfl:!|SmSflsiiA 
1 ^M^VU n z G a j _ z N ( 0 ^Z< 1 ) 
^T-i)^B B H tt^®^^^^#S @m\ A 1 ig H B H Jt 
(Yfi) 0 . 3 OT^A 1 x G a j _ x N (0 <X^ 0 . 
3) k, GaNOi^WI^tU^ 
[0042] A 1 x G a j _ x N ( 0 <X< 1 ) 

m 2 «0Slk1!!i4m«! & L^^-^- . OT^ J: ^ =SrS^i 

& (MOCVD ) CiUlxGa, _ x N ( 0<X< 
1 ) W&tXGaN««^^j3t^Tt±» l^il<50S*>PJ 

ffl^Sr^llxli:^r< A l x Ga, _ x N ( 0<X< 
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[00433 ymt&tbm. M^^-^vrmt^brnt 

*&lffaMb LXWA 1 GaNJISrA 1 SHJfc<59^E^ 
Jit LT <> . Wtt^MOT^TOT^^iJrT ^£ 
W^-y^ASt*^. ^cotzSb^ A 

fiVf (JiI^«JE) Zi&Ttm&ZttfX'ZZ. 

[0044] $ hiz^ ^mizimmm^>mm<7)u-^ 

mTX'ii. ZCOnMfy-y Kill coM-im^m 

*ihH2 comimtmfom ton m^^m^sv ^ 
izmz&xoizmfei-z. ztnt^hvp&ymF-rt 

lt, ho—^mizmm.iizv-T't&t. mmm 

EE. Vf *f$:i&TZ-£Z>ZbrfX'%&. 

mtiz&teth zbt/zx o . rgg^^i 

T-*3f&^H«JftT-£ I) i t iz J: I. . 0 . 

T*&£#"*# < , &®&i>jz£^mii s ? 7 -y KJlfc&4 
[ 0 0 4 5 ] /\> K^r> >yrx*;l^-<y}*£2:M« 

f -y-iz x *) ttwwmmm t , ^w^iUM t *>b 

Jit , f^'-t >yr*vjN$ wry F—ycomifflstt 
fcmbzmmttzmm'mx-ii. nm^nmtrmaLti 
mb. Ty^-rcomb^^am^mX'. mmmm 

IgFFJfAifirty F >y tMBItT'S & COT, S 



•fcSfciteK^ilS. £fcpJ!c9*&-£\ A 1 G a N(iG a 

n^i^ * £ < f -r-r siktio im^imr-r t 

[0046] — rt> K=5f> »y rx*;^-<7)yh§^r 

T^«t35firf^ffl*«*>Si:ii»E$ixS. ^JttfAlGaN 
iitGaNJiHMg^|3|4-CK— rLJtJ*^. A 1 G a 

Nmx°\mzcoT7^7°7-m$L<7>m-£tfzk*<. vstt 

^W/Jn$C^ — GaN/i(7)T^-fer^^(lfil[(7)gK 
${iA 1 GaN®^Jt^Ta<. Mg£7)vgtt^(i^ 
^. ^J^{fMg$r 1 x 1 0 2 0 /cm3 H-rUfcGa 
NtiilXlO 1 8 /cms ^JgiO^r-r U TJ8JST*>S(50 
tjpfl, A 1 GaNtiil X 1 0 i ^ / cm 3 ggodf-v 
'JTiftKL^^/i^rv^ ZZX\ ^ftWXHAl Ga 

n/g a n b xm^ff a, m^'j Tmamt>ti& 
GaNm(out,z^<^m^Y-y°'r^zbi t zx Y ) . m 

*r r U raUK^jSf&T^^ilS COT* S . L A» t> j@ 

iftK^^r^A 1 GaN)i£®Slr3-&Jttf>, H«Wt=^ 
'J T(±A 1 G a NJfO^ffiti^ A 1 G a N/f (i 

-TS. ^T, ^"VK^f>>yrx^/^'-CO/jN$^CT) 

^rfei^TOpMJiffllfciSI&^^JglS-rsWtc 

[0047] H - ^r> >y 7"X^;K_^| 1 ^ 

M^«J^m»*Wit3nMT*fi!fiBS^< F-T-f SJ&£\ m 
1 ^MM^^Jl^O*? ^ tv^ F-r&t LTii. 1 
X 1 0 i 7 /cm3 -1X102° /cm3 . $ ^>tif i L 
< (i 1 X 1 0 i 8 /cm3 —5X101 9 /cm3 O^ffl^ 
1 X 1 0 1 7 /cm3 X Dt)^k.S2<0 

^Ji*s^<ste< l^ftt:* 9 . 1 x l 0 2 o 

» * l < fir ^ f-t i; -r& t * t^sfr«^ss^Ji**# 

msi lx < h nwppmwfo *) . ^^fiis lxioi 9 

Sea* l&Ttm&L^. ni^fttUtiSi. G 
StRL. »SL<«S Ge. SJnMfttt 
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[0048] ttz. ^minm&nBmnu-ifm^T 
a. mi &s<t'&&m 1 4^±gpt3^^, p m«#^ 

>y 7*X;M^-tf>*# 3 OSfBftl^NWWB fc , $ 

vVmi2tmt<. 10 0 #y 7* F n-AOT. $ 

<lii 0-4 0ty^fn-A«lJ|(;ilt^ o H 
l^3^^tW^M{i^ 5 Sr< HAi £-£trS 
^flfe^i*. L<(iA 1 x Ga, _ x N (0<Xi£ 

1 ) *j£ists:t*»ii t<. m4^-fb%^#* 

L<(iAl Y Ga, _ y N ( 0gY<l . X> 
Y) . In z Ga t _ z N (O^Z^l ) «i^j;270l 

[0049] pI^7 7F117^M3ti:tl, 
>y FJf 1 2 tf)<ffrE b Wi tXhhtf. £ <s iZnmmtZBtiL 

< v ^¥^ffcT'£> hZbtm^fiX^h. p W&& 
312 54 0 79 1-f-) . L^LpM^'ff^ix^fcV^T 

Jfc&* 1 ffimiffiT-T S fefeGBOTE^ (£ < Z b 

[00 50] pi^77F117 <7)ffl3 O^fLW^ft 
Ji fc 3S 4 coa-ft^^ttJI i: CO p MW^m^^^r 

»ilj££/h£<ir&. nMfy-y FJfl 2fc|il«fc:. 
A*V F 4f -v -y rx *yMr'-<0±# &m 3 ^M-fLW^tt 
JlO#^pMTOftliftK£*&< LT. a>k^7/ 

^#Jl^P^ii«g|Jg£/F.$ < LT . >*y F3-> >y 



o 

[005 1 ] ^3c7)M«^M^Sf^ U> F'-7° 
it LTJi 1X101 s /cm3 — 1 x 1 0 2 l /cm3 s 
££>t::*?£ L<iil x 1 0i 9 / cm 3 -5X 1 02 0 / 
cm3 COffiRiZ&mt& . 1 X 1 0 1 8 /cm3 «fc *) ^sJ,-% 

t:S> £fc 1 x l 0 2 i /cm3 i 0 i^fc , Mh b b14 

{i'^<. iff* L< til/l OliLb^v^j^Sibv^ 

3k7L ^tih-hK ^mw^za^x^wxm^%htz^> 

£l±. Zcomt 1x1020 / cm 3 jjJLT3&*M^ tv^ 

P^ttttfcLTiiMg. Zn. Ca. Be^CDjiJ 
«»aSgIIASl. HB^tc^^M^L, »^L<(iM 

*vjs$ v 4 p £ ^ < h' - 

[0052] $ ^ti^jets^-^wflcf sa^ 2 ^* 
bim&i,^. mwtemtt&b* m*.i$nw?Fms 

b ITS i K-7°L/cA 1 GaNfc, 7yH-7°OG 
aN«fcTTS*&^«£JB«Lfc*fr&. A 1 GaNiiS i 

& . G a NJ&fiHafcli H^-^^& F-r LTV^^ 
y>«^ fi^^ KGaN IfiA^ ^» < - b tfX" # . ^®6<J 

-V •y^°X^;U^r— ^0^#V^A 1 GaNtfe^T, GaN 

^mr^m^oib. a i GaNat^a^aj^aiaw- 

A 1 GaNJB^GaNJBCjfiSfi-Sgp^C; 
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b~t&Zti>m£ U\ — U^y F*> >y7°x^df- 
^Wn£ &S*Mtm*fWBt:: n M^PJaete* ^ < F-r Lfc 
if £ , f!TIE^*HlJ«Sofl|[R fc iT & i 1 i T# h ifi . ^ 
y F^-v* -y:rx*/M?— <?)/jN$;fr;frte^fe£^< 

t 00 5 3] i:j±. nfid^^'y HJil 2. pffl^^yF 

mxumm^-mn, zcom. ?y??hmtLx<7)nM 

A'77rllh niM'f K113. pH^-r-yTif 
1 5, pM*M Fill 6. pi3^^Ml8f$: 

k&XZ h . ftfc nli^M$tL^nlA' 7 7rll 
1 £j@trPfc"tSfc. BfflSHEMT^iKL^m^ 

[0054] %t>iz^ ^mcomtmm^u—^m^iz 

5 -y F« 1 2 hvgM 1 4 i: Of^, 

nl?«ft) «S*«lx 10 19 / cm 3 JJJlTtwSffiES^ 

TtinfiObfc^M Fig 1 3:fr'JBj££*r0^ 0 :«nlM 

>f kjbi 3ti, r^F-r-t Lxi>. nm?Fffltotfm<7) 

WCJi, lxiOi 9 /cm3 JilT^F-rfiT-£)ill£, 

1 3<?}^M«|jg{i lxioi e / cm 3 j^-pc^s <I £: 
A**F* L< . lxioi ? /cm3 J^-pc&S i kifiZ h 

tzl3.Ga.NX*ffif&-fhZ\t&M& U*. 

[0055] £fzmwBm<D\/—ifm^t,zio^xii. m 
t&pmfrbK&pmrjv nil 7 tm&miAtcom 

/cm3 PXFiZffl&ZtlAipM*fctf4 FJ1 1 6#JBfiE$*l. 
BEii. lxiOi 9 /cms PJTFChttii&^tf* #tL 

^^mmmt lxioi s /cm3 vxTxfo o . ftfcjf 

i±, ZCDpmtfJ FJf 1 6<0«StinXiip^V^-m 



<nm&btiuWlLXZ.<?>pW%tf4 Fill 6t=A->T<«. 
[005 6] 3M£\ vgttJIJ:?? -y HSfc^iZT^K 
^{iil^3 6 0 — 5 20nm. tl:3 8 0-4 5 0n 

{in^?Fi$ft. pmT-uwzv-7°Lf2mim¥mmz 

mg&* lxioi 9 /cms OTT&^HIg-C^ 
[0057] fot, ^HJcO$f * Luffl^Mt L 

r ii . sttii t mrifzimiiz^mm^m h* - r 3 tut 
t^tt^t^-. ^a^iiRK^fi^, *f^t<{iry 

[0058] $ Lv^SSK'fc LT , 

S^TIi. pffll^'-f HJH 1 6 fcvStt/I l 4t«:« vS 

v7°3L^)V*c—& 0 1>^§= lrV?>- K^'-v 7 7X^;P^- 

sr^frj-siR/Po . 1 mixr^mimimfox P 

» -r-y Til 15 *^fifeS*LT*5 0 . fWpffl|^t7r 
W^RIsfiifSiaffi** 1 x 1 0 i 8 /cm 3 0±^PS$tLT 
^l>. ;OpSdft77'115i?)iI{i0. ljtzmja. 

t L < ii 3 0 0 * F xj-^XTlzmmi- h . 
0. lAtm«k9J¥^ffiJ5Tl££3-££i:. pl^ty7- 
»1 5^^^^>y^^'AD^ , -r<^rO, Mh b h14co^V^ 

^ F 3-> >y rx^w^— *s^|fc^rJB*SttJBtzgf LTs 

o . i ju mOT<oOTT^js-r s ztizx*). mm=?- 

<7)V-?n$&tf'J?%:<%:Z>ffi.ftlz$)Z,. ;W;J:ot, 

*st. TOMfcSUgti 1 x l Oi s 
/cm3 jgf®^* S . Z r >y 7°il(±Jt 

z<nmimm&j; imcox . p-i-n» 

i^pflBtftSdr^'yTWi, ntBlJ^^L 
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[0059] yjicox o izm^tLtzmmmmcou-^f 

m^Fli. nl^5>y Fll 2##p{I?7>y H« 1 7£ 

m^mmx-mfc l t t ^ t\ n»77Hii2a 

t/pil?^ >y KM 1 7cD«mS*ii£ffi< T£ , HOME 

Ktf p dl? 7 -y HS 1 7 SrjB^flBiTflfcR'r S^t: 

[0060] UUKJ0HfiS3gffiT(i. n<BI? 5 -y KJB 1 2 
ffl? 5 >y H« 1 7 £@f&iMflJli: L*:#, #S&HJi 
ii-IixCrGg^-f . nffljl? 7 -y FJf 1 2&0 f pffl!l? 7 -y F 

jb 1 7 o o %<n z*> L>t>*-jiZ$m=?-mm t lt t i 

< T# £ . 

[006 1 ] £fc . ^Wltli, n{H? 7 >y FJf 1 2 
S.tfpfflO? 5 -y KJH 1 7 £@|frFfli3gJ: Ltzifi. *«HJ 
JiiflfcRR^-f , n(i^7-y FJl 1 2MpI^7 7 F 
JB 1 7 Whco p ffllRtf n fiflo£fc!ft¥#fl£JBe9 V i-rtLte 

[0062] ULtcommmmTH. u-^m^z^^x 

nflfl? 7 FJf 1 2St^Pl^ 7 -y Hii 1 7 fcjSlS^ « 
(LED)f, te^gftife^flcS^jfiffl-CS Sit 

mty^yf-^Tn. vf (ji^mjE) £-Rfsdt 

[0063] 

immm ot, hi. H2^7nw^co^fij^p 

Wt-th . H 2 fill 1 COU— »f *?<9?B#£ ja?*-gtffil2"C 

[00 64] im.mmi'\-<r7T4T {cm) 

W&jn ±l>z G a N i 0 & Z>; * v 7 r Jf 2: # LT G a N J; 
05r^f& B B $r5 OjumWlftt^t^GaNil 
10&JlS«. IWaNll^l 0=&RjC?gfSF«3tw-fc 
>y F U iSJ££ 1 0 5 0*C*T±tf . ^r-v 'JTtfXtak 

IMAt7^-7kTMG ( h'J^WJ') 
A) . 7FffiM*i'XtLX>'7>rf*Zm^K GaNlI 
1 0±tz:S i 1 x l Oi s / C m3 K— TLstGa N J: 
0^rl.nfjA'7 7rll l£4jKmtf>JBSJ5TJi£^$-£ 

;W 7 7rll HlOid^rliitO^^a: 

N, AIN^. 0. 5A£mOTOOTT-E^^$-^ 
[00 65] (nffl?5-y FJf 1 2=m^M) Wt^ 



X. 1 0 5 OTTCTMA ( F U * ) s 

TMG, 7yt-7, v-9>-^'XSrfflV^ SiJlXl 
0 i 9 / cm 3 H-rLftniA 1 o . 2 Ga 0 , 8 Nl 
9&63ll^Jf£4 0^y^ho-A(7)|Itt^ 
it. 86V ^5^5^^, TMA^jtft, TyF-TiOG 

j&ns-es. ^tTmiii+^2^+miJi+m2^+ 

■ ■ • fcv^d J:3£jg|^/B£aiJ£U -HVfixlOO 
m-r-y&KtittM L . 0 . 8 mc^M^J; 0 ^ 

l,niH!l^5>y KJB1 2 SrJjfcJI . 

[0 06 6] (nlM^f Kill 3) m^X. l^vVii 
^±Hb. 1 0 SOiCtT^P-rGaNi ^^ng 
3t^W KJ1 1 3 * 0 . 1 u m«MTJj!cS£-££ . i^O 

GaN, InGaN^I^iW^K.IS 
100^y^ha-A-5/zm, $4>tff*L<ii2 
0 0^>^ h u-A— 1 mOMiiT'^$-lt-S i 

0 . 2 Ga o. sNJ;*) t/hS<-rs. 

[00 67] (vSttiil 4) liER^tTMG, 

fittll 4{2iSJg£8 0 0°C13^LT. T>K-n 
n 0 . 2Ga 0 . 8 N X *)%&#Pm*2 5?t>7Xh 

iaST, TVF-TI n 0 . 0 l Ga 

#F^it (MQW) WvSttiB&BJt© ffittJBit*: 
^Jffe^J: 313T^H— 7~Ct>J:^L. ifcnlPFtta 
XV/Xii p 1» H -T L T t H ^ . 

fji. &mmm?j<,zv-7°Lxi>B:<. ^-rtur—iitz 

[00 6 8] (plffi*-v-y:r0i 5) iKiz. iBJK£i o 

5 0°CtI±(f. TMG, TMA. TV^-T^ Cp2M 
g ( y^n'sy ^ yX-;VV^^y') A ) PlU 
3K^f>f HJB 1 6 «t D i^> H^r -T >y 7*x^;Pdf-^S 
MgJlXlO 20 /cms H— 7LfcplA 1 0 
3 Ga 0 . v N^O^Spfai^f 1-7/11 7^300 

1 5 iiKT^iE^ i^:. 0 . 1 u mUTWt < m 

[0 06 9] (plM-<h'116)it^Cp2M 
g. TMA&ihi^. 1 0 5 0°CT'. A'yF^.y7°X^ 
^•-^Pdl^f-r 7 711 5J:H'h$K T^F-T 
GaNi VftSpmyttfJ H«l 6^0. lxinKOKH 
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JflU nm&ffJ HJil 3fc[E5jt<GaN. InGaN 

«0#F«±0^v#<, pffli^^-yHfflcOA 1 o . 2 Ga 

[0070] (pffl?5>y FJfl 7) ggWt, 10 50 
°CT*Mg£ 1 X 1 02 0 / cm 3 F-7°L^pMA 1 
o. 2 Ga 0 . 8 Ni 9&SH3iDJl£4 O^Xh 
O— A^JKffTBlt^S^:. ^WCTMA^^ibtfK T 

OEMSOiSU 8//mco*Itg^Jf J:D3:&p 

il?7>y FJH 1 7 SrJBfifctS . 
[0071 ] (pffiOrJV^^ hJfl 8) ftSfcl^, 105 
0°CT\ pffl0^7«y HJil 7^±^ MgSr2x 1 0 
2 o / cm 3 F-ZUuPlGaNi^jrl-pIny^^ 
FJfl 82: 1 5 0 5j->-^ba-Ac7)MT-^$ii: 
pl3^?Ml8(ipl£7)In x A1 Y Ga 
! _ x - y N (O^X, 0=SY. X+Y^l ) -tfm&hZ. 
t tfiT £ . * L < iiM g £ H-r Lti GaNh ~§~ti 

£. ifcpSA 1 y G a j _ y N££tfi@*&?flliiC9p 
y -y FJB 1 7 13£LT* ^ F^f ^ yn*;^- 
^/h£v^t^^tt£p{I!l3>^?FJf i: LT. 
1KJ5£ 5 0 0*y?'XFo-AOTh*f < LT^Sfcft 
13. H««t:p|||3y^; hill 8<50=Sf-^UTiftS*«iS 
<&9pMfc#*LU*-5>y?a s *§<!>*i*C. 5R^) 

[0072] UUKSOJ: 3£LTS*fci|»¥»flE£j&g3-£ 

3t^x-^^jxJ55^§iwcfe^T. mmnwm$>7 oo 

[00 73] T--U «7xW\&Rj£pg38a»£> 

JROJiSU Hl^-TJia^. RlE^Hfc:J:>9«±JB 
«pl3y^^Ml8i:, p»7 7 K/Bl 7 £:tl 

•yfy/fc, 4Atmc7)^h^^rii^^-r§y 

V7-f7'J7 ^'OT^m'f-r £ i -5 C5r -? T E3MK 
j&^T^S . ^iS*S^Ji J: O'flrS pflOl? 5 -y KJf 1 7 

[00 74]^'J-y^affli^^^2:^B5tL. RIE 

izx^v^y^zm^. nm^-yyrm 1 ko^b^s 

^feHlTiinii^N'-y7T^ 1 1 hMt LX 

V^S**. GaNl«10JTXyfy/^ffK ^ffit 
f^GaNiftl 0£r2>-?7 hJHfc-f 



[0 07 5] Ktpflla^^ Ml 8WJ yyfi^ii 

fcN i tAui 9&&PTO2 l^Xh5^rttM 

SpTO2 lOMfc LTi±. fllifcfN i . Pt, P 
Ni/Au, Pt/Au, Pd/Auf5:flf^ 

[0076]-^ TitAl iD^rli nf!2 3 Sr^t 
(Jfc* ^iiJ£ nlA' -yyrmi 1 CO^fflUX h7^7 
*W=7&fct4. n^77Tll 1. t^GaNil 

1 OfcjffiUv*— $ v?2^£>*U>nTO2 3*9*fl5l 
i: LTfiA LTi.W.Cu.Zn.Sn. I n^CO 

[0 077 3 ^, 01t=^-±3iCp«ffi2 1fc v n 
TO 2 3 fc ^izMfctJ Lfcffi-fkft^aWWB^ffiKS i 

0 2 J:95S:S««ffii2 5£JBfi£U ^f£iill2 5 Zft 
Upli2 1 itIW:i^L^pA- 7 Kli2 2, 
atXn^-y FTO2 4 Himfrh. .I^p^-y KM 2 

2»%pii2i««jjA[ft, pmw£ 

«f^ffl3&s*S. — n^y HHEffi2 4tinM2 3 

[0 078] JXhOi olzLX. nlitpll^l 

8U£JBwc . LTV «n|?)t7 r 

JTmzZy-yVyrL, t7r^f71iof$^70 

m,-Kyyy/Ltlt»iIti:L, Au/Snt 

[0079] Au/Snfflfl*^^5-f ^LT. 

BB®tw*JB»^fNR^-6. SSItS i o 2 tT i O 

-yy°£y*-xr-yy° (WELbt- h isy? b&ttmi, 

Z h mmzi$ V VC , Mm^J^ 2.0k A/cm2 , 

WmS£A . 0 Vf. MSI4 0 5 n m^i^^»' 

1 0 0 0B#|^JiJJiO^#^^UCo 
[0080] [ mm 2 ] [1 3 <i*^^£7)ffi^S|^J^ 

i tmt< u-^coim^^zmm^^vm^w 

[0081] t7r^7 (CW) £ r )&&miKC0±.tzG 
&N y r mZiYLX S i £5X 1 0^ e / 

cm3 K-7UcGaN J: ^jrSm^ 1 5 O^imOi 

1 0 <*>_tfc:|gifcffll 1 t l^tttw LT . nM^ y7rm 
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1 l£l&K£-£l>. 

[0082] (77v7ffi±mi 9 ) nM^yyrmi 

tmi, ry^-r. T^mntfMzi/? >*fxzm^\ 

S i £ 5 x 1 0 1 8 /ci3 F-7Uc I n 0 . j G a 
o. 9 Nj;0^^77?Ml9^500t>-^X 

ti I n^^tfnM<^M«^^. jff* L<JiI nGa 

*\,z?^«j?ifi\h(n>* m±-t hzt tfi-c* h . -i 

<7)-7yv7ffi±m\il OO^Xhn-^U. 0. 
5 jumjaT^lIBJSTlfclS** <! t &#t U\ 10 0 

±tLXftmUz<<. 0. 5/xmJ;i9tJS^fc, 

[oo83] ?7v?wj±mi 9mmt. mmmi tm 

KB 1 2 t . Ty F-TnlM^f FB 1 3 
[0 084] ( n$!jdr^>y?' , /I2 0 ) I^tTMG, T 

ma. ry^-T. isjytfx&m^* nm%#4 FB 
1 3 <£ Ok^/F^-yTx^i^— S i £ 

5X10' 8 /cm3 F-rLfcnSAl 0 . 3 Ga 

o. 7 N «fc 9=5rS nffi!|df-v-y^J12 0£ 3 0 0^"^^ 

[0085] f^(iHM 1 1 mmiz Lxmsm u, p 

771 15, 7y F-"7° p£BD!M H116, 3£ 
HH-r$*l/Sietrf iO'SrSpffll^^-y HJB1 7, p 

y ? ? hJB 1 8 £ffc£$ -frS . 
[0086] a^to^NWkBfifcgflL mmzLXT-- 

vy?"zn^\ pSTO&£F-:ri,*:B£&&i::fl£S 
Rats r-- u >^sl ^3 «t ? izm-tmco 

pl3y^^Ml8L pffl?57K117ttX7 

[00 87] v-vitmmk. Pi3y^?Mi8«'j 

•y^M^N i/AuJ; O&SpfSB^ 1 £*F7-f 
U p m«S 2 1 &*hoaOTO^«¥3i#: 
Jl^tSiOa «fcO J fl:4iie«flS2 5S:^l£L. ^« 
JH25£^LTpTO21£: mtfftlzl&m Ltz p^7 F 

[00 88] JiLh^i P«ffi£J&£Ufc'7i 

0&*U GaNIIl 0<0OT£fg£iJ agffiLfc 
GaNS^a®^){3(?^:M(;T i/A 1 iO^Snti 

[0089] MJgJfc&G a Ni«f)MI <»fblSj¥3* 

ffi) TiSBBU f»iffiSl:S i0 2 i: T i 0 2 J;D5r 



t\ j zwmLxu -if t-t*. z,<dv -if m=p 
hmmizm^z&^xmm^mz^i. mmmi tim 

[0090] immm 3 ] mm 1 iz&^x . nms< -y 
7 rmi ii&mk. mffim2tmmzLX9 7*v7m± 

B19£l&g3-£S. 5 ^?E6±Btf)_W;r, 

S i £ 1 X 1 0 1 9 /cm 3 F— TLfcA 1 0 . 3 G a 

o . 4 um<vmmxf&%:mt& . mmmm 1 t isjsh- 

1f?&g£^ Lite**. §©#i±HJ6M 1 cois—fM^Z. K> t> 

[009 1 ] [^JS#J4 ] Igfifeffj 1 tofewt . Pfj^ ^ 
>y Kg 1 7 fi£^l=, Mg£ixi020 / cm s \z—zr 
U;A 1 0 . 3 Ga 0 . 7 NSm— B£0. 4um(Dm 
mx&L-M: £ « flfiti , ggj&OT 1 1 [Hl^tc L T . P — If m 

^zimLtztzz. fflt<m&x*u-vmM£^Lf2 

[0092] [HJSffil5] HSfeWlfcfcV^T. nffl^^ 
•y KJB 1 2 ^ iS^ffiJifc-^fc, SiHxiO 1 e 
/m3 K-rLfcA 1 o , 2Ga 0 . 8 N10. 4/zm 

t-rs. pm??v} : mi>mmzffl&=?mkb-& 

i*, Mg&lXl02 0 / cm 3 jj-t-^a 1 o . 2 G 
a 0 . 8 N^0. ftbOt. ntifc/ttfJ 

1 3 5rT^h'-7°I n 0 . 01 Ga 0 . 99 Njl3 
0^f>-^'X ho— At. Si^lXlO 1 7 /cm3 H — 
rL7tGaN®3 0^y^Xhn-jUi:^m/lt^|gM 

mo. 1 2 jumcom^mmt vm&M 1 6 

SrTVh'— 7In 0 . 01 Ga 0 . 99 Nl3 0t^ 
Xho-At. Mg^lxlOi 7/ CB 3 F-7U;G 
aNl30t^Nn-A^HUgI)fO. 1 

2 u m <?>i@i&^ »3§ fc «, ftim^^j ltmmizLxu 
-^fm^FzimLtztzz. mt<muxu-*?$mz 
^Ltzt>K 3Htti±m&M i ois—rm? ± o ^>^fm< 

[0093] CH*fiM6] HiffififyifctJV^T. nfil^'-y 
7t111 7^K-7GaN1^3 0t 

y^hn-AL S i * 1 x 1 01 9 /cm3 H— 
/;A 1 0 . 05 Ga 0 . 9 5 N^Sr3 05j-y^'Aha— 

immm 1 1 r«h lt , npj^ ^ v kb i 2 

x«y^^'l3j:0M£H$it-g>ffl{±. m&cr>l . 2 

ffct&. !f#^^|wi^^M^tfcv^-c^^ 

L, iai»illSSMl«fcOCJt«LT^=HSTL, 
111000 B#^XhT'S) o . 

[0094] mmm i ] 04 {i^^^fei^iiss^j^ 
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[00 95] IIMl t|3|t<. 2 4^*. (000 
1) Cffi^±®t-TI>-9-^r-f TSM3 0^±C5 0 0 
°Ci3T. GaNiO^r-S^N'-y^rJB £20 
0 bn-i,Olf t^Sttfl 1 0 

5 Or^LTTyb'-TGaNjiS 1 £ 5 jtz m&JSTlifc 

Wm^yrAT<7)^ SiC. ZnO, .Xb°*/K G 
a A s a£M«¥Sffc £ fifcg 3 •£ £ Jttf> iZ® &;fvt V* 

[0 0 9 6] ^::«7>K-rGaNl3 llS^tfes 
^x-^N^RJC^Ifc^^IROajL, d^GaNJf3 1<0 
OTIC ^h5-f T$W7* b7x;S:ML, CVD 
^Sti^h5'f7lg20/im. * > 9 4 371SIH3 ( ig 
SB) 5^m(0SiO 2 J;']^rii3 2j0. 1 Atm 

*>jsu?*c?Bj£-r * . IU4 ti^ b 5 -< m&mtmzmw. 
K-rGaNi3 i ^sgmsuTh w%&mmmi8.zti 

^. ftSJKtf)*mfc LTti. MUmUfrJm (SiO 
x ) . mfttrA* (Si x N Y ), IHb^^^ (T i O 
x ) . IHbi^US-^A (Z rO x ) ^IMBftu g-ffc 
■feu *fc£ft&<0#JBlK£>flL 1 2 00°C^JLh^M^2: 

mi. S4fc!fitf^tt^Jfc&&K6 0 0°C-1 1 0 0°Cc7) 

[ 00 9 7 J"OTBS3 27£&f£. ^x-^^SJ^R^ 
»^7M, 1 0 5 0°CT\ T^F-TGaN £ 0 
OhSr&GaNJf £ 1 Ojura^Ht 

jmsji uz<i yiasrirr s mm 3 2 ^®_bt . m 
^mzGa.Nm£$L-mzi£z>^m~?G&NmMi o£j£ 

Hr£« i: . &mi&ffl&3 2£)±£liG a NJl#j££ 
W. ^SPctjT^ K— 7°G aN!3 1 <0_Wz:G a Njf # 

aNI«|S]t:Hlt, $mm3 2CD±.lzm^fr& 

z-oxnz. mmttzm^^^LtzG a.Nmm±x-o 

Kc&iX . Um$& 3 2 ?)_Bl G a NI#|£S Lj£j&»tf)«fc 



0%Vmt%&. o£ 9. GaN!3 1±^TO3 2 
£tfrLTGaN0£«:frfatej££3*.S.. iit. » 
2r.I£{i. lf7r-r^^3 0^i:fc:jfc£$ivt^&G 
aN!3 1 ^^ B a B ^Pfg t . ffiSBR 3 2 <D±l,Z!gL&ZtLX 
U4GaNSfilOJ: ^ H H B XP(S^T'$> & . "T^^ 

$mmL<Q±iz&&ztihmw^mmzim 

iz&&2ft&mim i mi*j8£#* * mmzx-mtoz. 

*mmm7<n£oiz. umm3 2±izmu^nz^ 

J|£fi*:GaNg«n Ote. HaS&JifcttigJ&gLrt: 
t>tf5Tli=3r< . »l>I>!/^M$t^G aNIi«. 
« 3 2 iisBtfrr&jfcifc^r s ^tciD iltto 

O&I^tlT&l. G a NJf ^^t-T-S. ^ £ lZ X 0 . H 

jfeCT i «og a wmfcizim tx . li&frizm&xmwj? 
&\*GaNmi*m$>tL&. mm. ryF-rGaNi 

3 l^ H a a XPi{il 0 i o /cm2 JjLhJbS**. >IC7>» 
M 7 ^^Tffitl «fc S G a NSffi 1 0 O^B B H XPf|{i 10 6/ 
cn.2 JJlTt=«^3-frS i t UPC* h . 

[0 0 98] ULh^J: 3l3LTGaNSMl O^Jg^L 
fe^fc. I^G a NS«LhtlU«SW 1 fc USi^l 
X10 1 8 /cms H— TLfeGaNi O^TS n«y^y7 
rl, h/1 1 1 Sr5jLtmWBU5T'^$-»*:fc 

f^. mffi.m2tmmzLX . S1$:5X101 8 / cm 3 

F-rL^In 0 . i Ga 0 . 9 NJ;D^^77^i 

[0099] ( ^^^I^^^O^^igcT) n 
1^7 7^112)^:, 105 0*07. TMG. T> 
^—TZfAiM^* 7yF-7'GaNl5:2 0^y^ 
h o- A^KJSTlfi^ £itZ>Zbt,Z£ 0, ^OF^'-^r >y 

S. »:t:RiaKtT. TMASriiSPLT^h'-TA l 
o. jGao. 9 NI5:5^y/7.FD- A^S^ 
iEOTv-^^'^^ilJaLS i £ 1 X 1 0 i 9 /cm3 K 
— y'LtzA 1 o . iGa 0 . 9 NlJ20^>^Fn 

— AcoffiJST^s^^, si^ifttryF-rA 

1 0 . (Ga 0 . 9 Nlr?^t5^y^7sFo- A;7) 
iftflMI) £ £ «fc 9 . K^-v -y rx^^f 

—<7>jz% v w$ 3 o ^ rn^om i eimm^mfcmzmfc 

•t . L T , m 2 ^M-ffc'JffigM t m 1 co 

mim^famt*3cmzMi*)mLwm-tz> . m. mm 
m 7 x-ii . m 2 nmftwmmi tmi nmm^mfc 

lt«tiai2 0lttSJ:a(:SlU 0. 6m 



(SL 7 ) 103-1 0 1 1 54 (P2003-101154A) 



Fii3, Mi4, pm**>yymi 5. pmy&f 
[oioi] (*&mvsT^m^nmm L mmnp 

M?y 7K11 7 ) <XlZ. 1 05 0°CT\ TMG, T> 
^r-r^'X^fflCK ryF-rGaNi^20^y^ 
F o-Atf)ffiJrCfi£^3'£l> -I t £ X 0 . ^> Fdr> «v 

h« mznmsLiz-z. tm a zmw ltvk-t a i 

o. ,Ga 0 . g NS^Stf^^hn— JUjfc^S-th 
8&WtCp 2 Mg£}EflnLMg£l X 1 02 o/ cm 3 ]s* 
— TLfzA 1 o . jGao. 9 NI5:2 0^y^fn 
—McommX*fc£;-£tt'&, C p 2 M g £jhtf>T T >- K 
— 7* A 1 o . iGa 0 . 9 Nl^^C5^y^hn 
— i>tf)lKJra&£3-££ <It(3j; 0. ^> F^' -v <y 7°x 

^^-^^ ^15$ 30 u mcom3 com^m^mi^m 

wmteM t tftti^ti 1 2 o m\*z% hXo izmm l , 
o. 6ummcD. nm??*/ fjii 

[0102]-?- LT«St=, SQfeffl 1 Upffl 

fi^p{PJ?7 v Fill l^Xt^m^^V^AT^^J y 

[01033 #£124 J: -5 £ 'J *y y'CMtt . £ 
^t^tZX«y^-y^^^V\ nlffi2 3$:Mt^in 
fiOI^'-y 7 rJf^® nTO2 3£JBfifcU - 

■frpM^y?? hJ§ 1 8<7>U yyfililtfcp«ffi2 1 

* x f 7 >f r^ctc^-ri. . f^iiewj 1 t mmiz t 
t, u-^rm^imLfzt^^. mmmin^mzit 
mtx mmx . mm.m&. . «et*s j; * 1 o %<kt l . 

?fcg4 0 5 nm^ilg^IfHfrJi. 2 0 0 OBSSIEUitf) 
»^€r^L^ 0 CZiitiGaNSMl Ol^aWfi^'S: 
v ^ <o Ltz Z t iz «t & . g^¥»fl«ofefttetf) 
iftHCiStW^tftS. =5ri3H4^fcV»T. Ga 
Nit 1 0 £M£ (£8 0// mjaJi^MJ5TdtSS-ti:^i* 

[0104] immsi mmmntz&Kn;. nm?y 

•y h'JB 1 2 +i^^lS^eB!iaffifc^ 
IS«7yK-rGaNl^20^>^hn-A 
» SiilXlOi 9 /cm3 F-7U:A 1 0 . j G 
a 0 . 9 NJf £2 O^^XFu-At tr^/l U 

[0105]-^. pS!l?7vFJfl 7 £j£^S-£SBS 

/f £2 0^;/7> ho— Ah. Mg^lxiO 2 0 /cm 



3 V-7°L?zA 1 o . iGa 0 . 9 Nm%20X>7 r X 

■t&Mimmm i 1 mmiz lx u~ m^zimLtz t 
z\h. mm\i <nM\z.Ym.Lx . m^mmai&TLfz 
i>K m&mmmt2 o o ommbitz^Ltz. 

[0 10 6] imMffl9l mtisfflT izts^x * nM?y 

•y HJB 1 2 Sr^S-^SRgl. S i £ 1 x 1 0 i 9 / C m3 
F-7°L^GaNJlS:2 T>¥ 
— y°A 1 o . jGao. 9 N^S: 2 A 

h.—U, pI^7 7 7 2r^$-tt^.^i;. Mg 
£ 1 X 1 0 2 o /cm 3 K-7tf;GaN15: 2 5^VV 
^hn-Ah, 7yH-/Al 0 . iGa 0 . 9 NM£ 

2 5*y?xhv-A.t$:3cKi / zmmL. mmmo. 6 

m combat t -f Lfiilii^M^J 7 i: |SI«t LT 

-ras^f^SL^fcc:^. nsi<5ij7^^^i:{i(arTOw 

m&z^&^-*fmw&t>tifz. 
[0107] immmi o] mmmnz&^x. nm? 

y y 1 2 I6L S i ^ 1 x l 0 i » /cm 

3 F-7L;tGaN|5:2 55ry/Abo-AL Si 
Sr 1 x 1 0 i 7 /cm 3 K-rUfcA 1 o . i Ga o . 9 

0. 6^m^^^iit-t-g,o -^T. p!^7 7HI 

1 7 Srtft^S-frSiet) , MgSrlXlO 20 /cm3 
7°L^GaNilSr2 5tmbO-AL MgSrlX 
10i 8/cm 3 F-7Lf:Al 0 . iGa 0 . 9 NifS: 

2 5^nfQ-A^3SCSIL, il&MO. 6 

ju mcr>m&=?-im t -fh mimmm 1 1 mm t lt i^- 
[0108] immmi mMfrmzte^x. nou^ 

7 >y K«&]St&^fllJtfc-^M, S i & 1 x 1 0 i 9 / 
cm 3 F— 7°L/tA 1 o . iGa 0 . 9 NifS:0.6/xm 
commx^^h. pfflB-? 7 -y h'JB 1 7 

$*SIRi±, Mg^ix' 1020 / cm 3 p-r^Ga 
NifS:2 5^y/^hn- Ah. 1 x 1 0 * e / C m3 F 
-7 0 L?tA 1 o . !Ga 0 . 9 Nii2 5^^Vn 

t-t&mimmmi t^mzvx u—rm^zimttz 
tz*>. mmm i izim lx bb««4^=f±# l^^'isi t 

< 1 0 0 Oii5iaJ2Ui<0*fe£^L>t. 
[0109] [^Bfi^Il 2] HiSCT7Hio^T. n{ffl7 
7 -y HJB. at/pl^ 7 -y KJBOjBI&^^tJJt&^teWl 
®S&ii®^HF-7° (+*SP3& s iS«tSt*l±5Sr<, m 
nW&)— ) fcL, ni!|yN'>y7T^l l&J&g$-&£|g 
t'. SiSrlxiOi 9 /cm 3 7°L3tA 1 o . o 5 
Ga 0 . 9 5 NJB5 Ot^hn-AL T^F-7° 
G a Nil 5 0 5r^^7.hn-Afc^3c5:«^$-tt. m 

mm2um cnmm L m t -t&mimsm 1 1 mtiz lx 

U-^m=F * <m Ltz t i h , HifiM 7 c7) t> ton Jt^ L 
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X , BHfij&£g=FffiT L . 3 0 0 0 B*iaJ2Lt £ L 

[oho] [sgiS0fli3] mmmiizis^x. nm? 

77HII 2J7>F-7GaNI20J)-y^bO- 
Afc. S i £ 1 X 1 0 1 9 /cm3 F-7° LfcA 1 0 . 1 
Ga 0 . 9 Nl2 0^AbD-Ai5:ilL/iei 

13JSi J1X10 1 9 /cm3 F-rU^GaNjf 2 

mmW- 0 . 1 ju m«fllfcf^ . 
[0111] — p»M HJlfc, MgJixiO 

1 9 /cm 3 K —7° Lfc G a N il 2 5$"y F n— 

r^K-rAlo. 05 Ga 0 . 9 5 N125^ 
^ F u-A £3£££jj5y|$-£ , fflfO . lumCD 
ffi&f-imt-t*. P»77F1175:7yh' 
— TGaNil2 0^-y^ha— Ah, MgJlxiO 

2 0/m3 h'-rLftAl 0 . iGa 0 . 9 NJf£2 0 

fttitH3 0 0 OBSaj£Lt£?KLJt. 

[0112] [iw 1 4 ] is« 1 4 1±. mmm7i 
mm. GaNisi o&m^xm&Ltii'— rm^xh 

H:S i^ixio 18 Am3 JjJLhK— rLJtnMG 
aNJ; OSr&nfifllny;?? FH ( n^Of^CO^fttt^ 

7yF-7WaNh. S i £ F'-r Lfc A 1 x G a 
t _ x N (0<X£0. 4) a^&fcjSt&^JBfcLTk 

[0 1131W:, nfiay^FJf £j&il£-tf:*:f&. 
^^8 0 0'CtwLT. ^§#HM+. TMG, TM 
I , y^^t, S i £ 5x 1 0 1 8 / 

cms Inc.! Ga 0 . 9 NJ; D3:&?7 

>y 7ffi±m& 5 0 0 jj-y?';* F o-AtfDlKJST'J&gS-g' 

fls. *?£L<{2I nGaNT'^S^itCiD, & 

t=^s«A 1 z&tsmimimftmwziry-yftf 

Xh CO Zffijkt h Z. t h . Z CO ? 7 - y ? RSjh^ 

JHiil 0 Orty^bn-AJiLh, 0. 5^mOT^I 
JTOfc^S ■££ i i: *«J?* L ^ . lOOtynbn- 

tz<<. 0. 5ximj: Otff^i:. M a e H gfts#H^-f & 

[0 1 14] figWT, 105 0°CT'TMA s TMG, T 
>-^E-7\ ^7^#X£J3V\ Si^lxlO 1 9 /c 
m3 K-rUcniA 1 0 . 2 Ga 0 . 8 N±9$:S« 



£4 0t^bn-Ai, 7yK-7WaN1^4 
O^V^fn-A^iltMH, .rii£>c7)Jf £3c 
f»l OOJIi'-PTOLfc, fi&ffllJPO. 8// 

[0 115] igfrvt, T>-F-7°A 1 o . 05 Ga 
0. 95 NJ:0«n«^Fl?:0. lvum^JOT 

b'flfcLTfftflU 7yH-m nl^^F- 
7*LTfc&V*. ^^^Wl^GaNhAlGaNi^^ 

h -T <£> <I t h T-# I) . 
[0 116] mz, T>"F-7°I n 0 . o t Ga 
o. 9 9 N ± O'Sriatti^ 4 0 hn-A« 

[0117]^ SfeTm-f* PlM^f F/f <fc 0 

tt-v v r^/F^f-^t v^Mg^ixioi 9 

/cm^ F-7U:pSA1 0 . 2 Ga 0 . 8 NJ; D3r 
4p«*+7 r/f£ 3 0 0*yfA F n-j±cr>mmx$i 

[0 118] ^>F^t77x^-^ P l^ 
^7riiDt^$^. Al 0 . 01 Ga 0 . 99NJ: 

K>*&m®^mt-thz-ti>x%&„ $m=Fmt-t&m 

^ZWs> Y**r v7°3L^)]s3c-CO±%t£-}lCOm (P^M 

[OliglSV^Mg^lXlO 1 9 /cm3 F— 7" 
UpIAIq. 2 Ga 0 . 8 NIH0^XVD 
-Ah. 7yF-7'GaN5:4 0^y^hn-At$: 

5E5t»w^ l^ism 0. 8^ mcom^=Fmmm.x 

[0 120] ^(3. pI?7 7Ki«±C, Mg^l 
x 1 02 0 /cms F-rtJtpMGaNJ; O'Srl.pll 

it^o ^Cl/-f*FWI^. A 1 GaNS*tfl@<8f 
«itc7)pii^^'y HiBtSftT. A'y^+.yTx^ 

df-^/jN$ v ^-fb^^fr pM^yfrbmtLx . 
%comm% 5 0 o^-^^ha— Aja.Ttap< ltv^ 

)t«>H» ^WWtlpM=?>'^^Fii^ d rA'yTii|j^^ 
<^0p€^fc*f^tv^-5 •y^^'f#^T, SH^O 

[01213 liLh^ j; -5 Hz LTg-ffcft¥3Wl££j&£§-£ 
^ x ^EFf^SJ^T-T-- »jymnp M^lifi 

^RJffiSS^^JROaiL, RIE(6gBCJ:0«Lh«cOp 
ffljr?^:?? FJlh. pfflO^^-y FJlh^x-y^-y^L 

«0 U v S^^fc -T £ - fc t= <t 0 . iSttJBcofbt**^. F 9 
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[0122]»:'J >y ^'flffitZVX? £jgj£U RLE 

— JpI3^; Mou vismmmMiN i t 

Au i "5t6p«IS^h7>f rRCMtS. pIG 

ti. #J;tl£N i , Pt , Pd, N i/Au, Pt/A 
u, Pd/Auf^f?,;J:^tll.. nlGaNt 

# a u**-s * fim^ti&mmmk. lti±a i N 

Ti, W, Cu, Zn, Sn, I n^9*feJH^L< 
[01233&C. pMfc. n«ffifc«Oiat3«£lJL3t 

Ifti^ftl^IB:s i o 2 iDi^ffeiUM 

>y H«ffi^J^fifc-r*. Ctf0p^N s -y Ktili^f^pt 
ffi<^ffiSl£J!£tf"T\ plil^V^t-^yf^ 
y >f 4 V^X% S «t o lw LT V ^ & . 
[01 24] J3Ui<D«fc3KLT, nUtffifcpHSffitS:^ 

m^U ^y^'LTS^M^IiTOt U Au/Snf 
[0 12-5 3 Au/Snl^^^^rU^ 

mrn^im^^m-t^. &mmizs i o 2 £t i o 
z\h. mmzti^x. mm.mm.mm2. okA/c 

m2. mmmj±4. 0VX\ $g3BSfc£3 6 8nmOS£& 
^aOTSKSix. 10 0 0 B#^Xii^^#^^ bfc . 
[0 126] 



(T/T 0 ) ^JtM^ {T : i&MSJ£(K) . T 0 : 

^ttiag (k) } . t 0 *j^#v^taifLD{±. Sfia-rt 
mtif^m^mmmi^-^m^x^ t 0 #i 5 

0 Ki^JLh$> I) . £ <9«tti L D (Vi&m?i&fttfflz9±iT 
[OTO^m^M] 

[Hi] *fMBiwfli s -mumper, \s-*fm=Fcoffim 

[02] hi o^-tr^Toaera. 

[ m 3 ] *»Bjfc:^ s » 2<vis -rm^-comm & 

t^^ra] 

1 0 • • • GaNlt, 
1 1 • • • n|A7 7rl, 

1 2 • • • 1&m=FmmcVnM7 7>y Fl . 
1 3 • • • nfflMM KJB. 

1 4 ■ ■ • ?gttJB. 

1 5 • ■ ■ P«t77|, 

1 6 ■ ■ • pffl#M KJf . 

1 7 ■ ■ • @t&^fl§5i^pffl?5 >y KB, 

1 8 • • ■ pMiyffhM. 

1 9 ■ • • ?9-y?Gfiih«, 

2 0 • • ■ nfflHf^r «yTJB. 
2 1 ■ ■ • plltffi. 

2 2 • • • p^\°«y KtEfli. 

2 3 • ■ ■ nfl, 

24 • • ■ n/\°-y FUISL 

2 5 ■ • • 



[013 



l75>fflj>7?h' IB 
14: ffiitS 



/ ,- 2X:p1gg 
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